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Mr.  E.  Trcadwell,  Dr.  V.  C.  Vaugimn,  Prof.  C.  K.  Wead,  Mr.  C.  U.  Wordcn. 

COMMITTEE  ON  EXCURSIONS. 

CAatrman— Prof.  Albxandrr  Winchell. 

Mr.  Harry  W.  Ashley,  Mr.  Jas.  Clements,  Dr.  D.  Maclean,  Hon.  C.  H.  Richmond, 
Maj.  H.  Soule. 

COxMMITTEE  ON  INVITATIONS  AND  RECEPTIONS. 

CAatrm/in— President  J.  B.  Akgell. 

Prof.  C.  K  Adams,  Dr.  \V.  F.  Breakey,  Mr.  Jas.  Clements,  Mr.  Sed^rwirk  Dean, 
Prof.  H.  S.  Frieze,  Jnd;;c  W.  D.  Harrimnn,  Mr.  Israel  Hall,  Rev.  S.  Haskell,  Dr.  W.  J. 
Herdman,  Dr.  John  Kapp,  Mr.  J.  W.  Knight,  Hon.  E.  D.  Kinne,  Mr.  J.  C.  Knowlton, 
Mr.  J.  F.  Lawrence,  Mr.  Donald  Mclntlre,  Mr.  C.  H.  Millen,  Prof.  Geo.  S.  Morris.  Dr. 
A  B.  Palmer.  Rev.  R.  B.  Pope,  Hon.  C.  H.  Richmond,  Prof.  H.W.  Rogers,  Hon. Rul us 
Wnples,  Mr.  J.  M.  Wheeler,  Prof.  Alex.  WinchcU. 

COMMITTEE  ON  ROOMS  AND  PLACES  OF  MEETING. 

Chairman— ^Ir.  Jas.  II.  WADE. 

Prof.  M.  E.  Cooley,  Dr.  S.  H.  Douglas,  Prof.  O.  C.  Johnson,  Supt.  W.  S.  Perry, 
Prof.  H.  Sewall. 

COMMITTEE  ON  HOTELS  AND  LODGINGS. 

Chairman— yir.  H.  D.  Bensktt. 
Mr.  E.  B.  Abel,  Mr.  H.  J.  Brown,  Jtidge  W.  D.  Harriman,  Mr.  J.  Q.  A.  Sessions. 


OFFICERS  ELECTED 

FOB 

THE    BTJFF^LO   ]V£EETIlSra, 


PRESIDENT. 

£.  S.  Morse,  of  Salem,  Mass. 


VICE  PRESIDENTS. 

A.  Mathematios  and  Astronomy— J.  W.  Gibbs  of  New  Haven,  Coun. 

B.  Physics — C.  F.  Brackktt  of  Princeton,  N.  J. 

C.  Chemistry— H.  W.  Wiley  of  Washington,  D.  C. 

D.  Mechanical  Science— O.  Chanute  of  Kansas  City,  Mo. 

E.  Geology  and  Geography— T.  C.  Chambbklin   of  Wasbington, 

D.  C. 

F.  Biology— H.  P.  Bowditch  of  Boston,  Mass. 

H.  Anthropology— Horatio  Haijs  of  Clinton,  OnL,  Canada. 
I.  Economic  Science  and  Statistics— Joseph  Cummings  of  Evun- 
ston.  III. 

PERMANENT  SECRETARY. 
F.  W.  Putnam  of  Cambridge,  Mass. 

GENERAI.  SECRETARY. 

S.  G.  Williams  of  Ithaca,  N.  Y. 

ASSISTANT  GENERAL  SECRETARY, 

W.  H.  Petteb  of  Ann  Arbor,  Mich. 

SECRETARIES  OF  THE  SECTIONS. 

A.  Mathematics  and  Astronomy— S.  C.  Chandler  of  Cambridge, 

Mass. 

B.  Physics— H.  S.  Carhart  of  Evanston,  111. 

C.  Chemistry — Wm.  McMurtrxe  of  Champaign,  111. 

D.  Mechanical  Science— William  Kent  of  Jersey  City,  N.  J. 

E.  Gtoology  and  Geography— E.  W.  Claypole  of  Akron,  Ohio. 

F.  Biology— J.  C.  Arthur  of  Geneva,  N.  Y. 

H.  Anthropology— A.  W.  Butler  of  BrookvlUe,  Ind. 
I.   Economic  Science  and  Statistics— H.  E.  Alvord  of  Mountain- 
vllle,  N.  y. 

TREASURER. 

William  Lilly  of  Mauch  Chunk,  Pa. 

(XV) 


SPECIAL  COMMITTEES  OF  THE  ASSOCIATION. 


1.    Permanent  Committee  on  Weights^  Measures  and  Coinage. 


F.  A.  p.  Barxard  of  New  York, 
B.  A.  Gould  of  Cambridge, 
J.  E.  HiLOABD  of  Washington, 


H.  A.  Newton  of  New  Haven, 
E.  B.  Eluott  of  WaAbington, 
John  Trowbridge  of  Cambridge, 


A.  M.  Mater  of  Hoboken. 

2.     Committee  on  Membership. 

The  Mehbbbs  of  the  Standing  Committee. 

8.     Committee  on  the  best  methods  of  Science- Teaching  in  the  Public 

Schools, 


John  Eaton  of  Washington, 
R.  H.  Thurston  of  Hoboken, 
James  Mac  Alister  of  Philadelphia, 


J.  Burkitt  Webb  of  Ithaca, 
C.  M.  Woodward  of  St.  Louis, 
C.  E.  Besset  of  Lincoln. 


This  committee  has  power  to  add  to  its  number. 
4.     Committee  on  the  Registration  of  Deaths,  Births,  and  Marriages, 

E.  B.  Elliott  of  Washington,  )   jqhx  Collett  of  Indianapolis. 

E.  T.  Cox  of  San  Francisco, 

5.     Committee  on  Stellar  Magnitudes. 


E.  C.  Pickering  of  Cambridge, 
S.  W.  Burnham  of  Chicago, 
A8AFH  Hall  of  Washington, 
William  Harkness  of  Washington, 


E.  S.  HOLDEN  of  Madison, 
Simon  Newcomb  of  Washington, 
Ormond  Stone  of  Univ.  of  Va., 
C.  A.  Young  of  Princeton. 


6.     Committee  on  International  Scientific  Congress. 


Simon  Newcomb  of  Washington, 
T.  Sterry  Hunt  of  Montreal, 
G.  F.  Barker  of  Philadelphia, 


J.  W.  Powell  of  Washington, 
£.  C.  Pickering  of  Cambridge, 
Ira  Remsen  of  Baltimore, 


C.  S.  Minot  of  Boston. 
7.     Committee  on  Indexing  the  Literature  of  the  Chemical  Elements, 


H.  Carrington  Bolton  of  Hartford, 
Ira  Bemsen  of  Baltimore, 


F.  W.  Clark  of  Washington, 
A.  K.  Leeds  of  Hoboken, 


A.  A.  JULIEN  of  New  York. 
8.     Committee  on  International  Congress  of  Geologists. 


James  Hall  of  Albany, 
J.  W.  Dawson  of  Montreal, 
J.  S.  Newberry  of  New  York, 
T.  Sterry  Hunt  of  Montreal, 
C.  H.  Hitchcock  of  Hanover, 
Raphael  Pumpelly  of  Newport, 
J.  P.  Lesley  of  Philadelphia, 


N.  H.  Winchell  of  Minneapolis. 


J.  W.  Powell  of  Washington, 
G.  A.  Cook  of  New  Brunswick, 
John  Stevenson  of  New  York, 
E.  D.  Cope  of  Philadelphia, 
E.  A.  Smith  of  Tuscaloosa, 
Persifor  Frazer  of  Philadelphia, 
H.  S.  Williams  of  Ithaca, 


(xvi) 


SPECIAL  COMMITTEES.  XVll 


9.     OommiUee  to  confer  with  Ifie  United  States  Geologist  in  regard  to 

cooperation  between  t?ie  Government  and  State  Geological 

and  Topographical  Surveys, 


JAWB8  Hall  of  Albany, 
T.  Sterrt  Hunt  of  Montreal, 
J.  S.  Nbwbesrt  of  New  York, 
29.  H.  WiKCHELL  of  Minneapolis, 


C.  H.  Hitchcock  of  Hanover, 
J.  P.  Lbsley  of  Philadelphia, 
G.  H.  CooiC  of  Brunswick, 
E.  A.  Smith  of  Tuscaloosa, 


Joseph  Lr  Contr  of  San  Francisco. 
This  Committee  has  power  to  add  to  its  number. 

10.     Committee  on  Interchange  of  Courtesies  between  the  American  and 
British  Associations  for  the  Advancement  of  Science. 


C.  A.  Tocvo  of  Princeton, 
J.  P.  Lesley  of  Philadelphia, 
J.  W.  Dawson  of  Montreal, 


T.  Sterrt  Hunt  of  Montreal, 

£.  S.  Morse  of  Salem, 

T.C.  Mbndbnhall  of  Washington. 


F.  W.  Putnam  of  Cambrid  jre. 


11.     Committee  in  relation  to  Duty  on  Scientific  Books, 


H.  A.  Rowland  of  Baltimore, 
C.  A.  YouNO  of  Princeton, 
J.  W.  Powell  of  Washington, 
J.  D.  Cox  of  Cincinnati, 


E.  S.  Morse  of  Salem, 
S.  F.  Baird  of  Washington, 
Simon  Newcomb  of  Washington, 
T.  C.  Mendenhall  of  Washington. 


12.     Committee  on  Anatomical  nomenclature,  with  Special  reference  to 

the  Brain. 


Harrison  Allen  of  Philadelphia, 
H.  OSBORN  of  Ames, 


T.  B.  Stowbll  of  Cortland, 
B.  G.  Wilder  of  Ithaca. 


IS.     Committee  on  the  Encouragement  of  Researches  upon  the  Health 

and  Disease  of  Plants, 


J,  C.  Arthur  of  Geneva, 
C.  E.  Bbssbt  of  Lincoln, 


T.J.  BuRRlLL  of  Champaign, 
W.  G.  Farlow  of  Cambridge, 


C.  y.  RiLET  of  Washington. 


H.     Committee  to  present  to  the  Postmaster  General  the  importance  of  a 
change  in  the  postal  laws  in  relation  to  the  transportation  of  Botanical  speci- 
mens through  the  mails. 

L.  F.  Ward  of  Washington,  |  Georob  Vasey  of  Washington, 

J.  W.  Chickbrino,  Jr.,  of  Washington. 

15.     Committee  on  Physics  Teaching. 


T.  C.  Mendenhall  of  Washington, 
W.  A.  Anthony  of  Ithaca, 


H.  S.  Carhart  of  Evanston, 
F.  H.  Smith  of  Charlottesville, 


John  Trowbridge,  of  Cambridge. 

16.    Auditors, 
Henbt  Wheatland  of  Salem,  |        Thomas  Mbbhan  of  Germantown. 
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COMMONWEALTH  OF  MASSACHUSETTS. 


IN  THE  YEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEVENTY-FOUR. 


AN    ACT 

To  Incorporate    the    "  American    Association    for  the 

Advancement  of  Science." 

Be  it  enacted  by  the  Senate  and  House  of  Representatives ^  in  General  Court 
assembled,  and  by  the  authority  of  the  same,  as  follows : 

Skction  1.  Joseph  Henry  of  Washington,  Benjamin  Pierce  of  Cam- 
bridge, Jamos  D.  Dana  of  New  Haven,  James  Hall  of  Alljany,  Alexis 
Caswell  of  Provicience,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  *'  American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  "American  Association  for  the 
Advancement  of  Science,"  for  the  purpose  of  receiving,  purchasing, 
holding  and  conveying  real  and  personal  property,  which  it  now  is,  or 
hereafter  may  be,  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general 
laws  which  now  or  hereafter  may  be  in  force  and  applicable  to  such  cor- 
porations. 

Section  2f  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand 
dollars  in  value,  and  personal  estate  of  the  value  of  two  hundred  and 
fifty  thousand  dollars.  , 

Section  3.  Any  two  of  the  corporators  above  named  are  hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  "  by  mail,"  to  each  member  of 
the  said  Association. 

Section  4.    This  act  shall  take  effect  upon  its  passage. 

House  of  Rkpueskxta  fives,  March  10,  1874. 

Passed  to  be  enacted, 

John  E.  Sanford,  Speaker. 
In  Sknatk,  March  17,  1874. 

Passed  to  be  enacted,  March  19,  1874. 

Geo.  B.  Loring,  President,  Approved, 

W.  B.  Washburn. 
Secretary's  Dkpartmknt, 

Boston,  April  3,   1874. 

A  true  copy,  Attest: 

David  Pulsifer, 

Deputy  Secretary  of  the  Commonwealth. 
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CONSTITUTION 


OF  THE 


AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT 

OF  SCIENCE. 

Incorporated  by  Act  of  the  Geocral  Court  of  the  CommonweaUh  of  Massachusetts. 


Objrcts. 

Article  1.  The  objects  of  the  Association  are,  by  periodical  and  mi- 
gratory meetings,  to  promote  iutcrconrsc  between  those  who  are  calti- 
Tating  science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men  increased  facilities  and  a  wider 
usefulness. 

Membbrs,  Fellows,  Patrons  and  Honorary  Fellows. 

Art.  2.  The  Association  shall  consist  of  Membei's,  Fellows,  Patrons, 
and  Honorary  Fellows. 

Art.  3.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  and  election  by 
the  Standing  Committee. 

Art.  4.  Fellows  shall  be  nominated  by  the  Standing  Committee  from 
such  of  the  members  as  are  professionally  engaged  in  science,  or  have  by 
their  labors  aided  in  advancing  science.  The  election  of  fellows  shall  be 
by  ballot  and  a  majority  vote  of  the  members  and  fellows  present  in  Gen- 
eral Session. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one  thousand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  the  priv- 
ileges of  a  member  and  to  all  its  publications. 

Art.  G.  Honorary  Fellows  of  the  Associalion,  not  exceeding  three  for 
each  section,  may  be  elected ;  the  nominations  to  be  made  by  the  Stand- 
ing Committee  and  approved  by  ballot  in  the  respective  sections  before 
election  by  ballot  In  General  Session.  Honorary  Fellows  shall  be  entitled 
to  all  the  privileges  of  Fellows  and  shall  be  exempt  from  all  fees  and  as- 
sessments, and  entitled  to  all  publications  of  the  Association  issued  after 

the  date  of  their  election. 

(xxiii) 
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Art.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months,  shall 
have  been  given ;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reelected.  The  Standing  Committee  shall 
have  power  to  exclude  from  the  Association  any  member  or  fellow,  on 
satisfactory  evidence  that  said  member  or  fellow  is  an  improper  person 
to  be  connected  with  the  Association,  or  has  in  the  estimation  of  the 
Committee  made  improper  use  of  his  membership  or  fellowship. 

Art.  8.    No  member  or  fellow  shall  take  part  in  the  organization  of,  or 
hold  office  in,  more  than  one  section  at  any  one  meeting. 

Officers. 

AuT.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  in 
General  Session  from  the  fellows,  and  shall  consist  of  a  President,  a 
Vice  President  from  each  section,  a  Permanent  Secretary,  a  General  Sec- 
retary, an  Assistant  General  Secretary,  a  Treasurer,  and  a  Secretary  of 
each  Section ;  these,  with  the  exception  of  the  Permanent  Secretaiy,  shall 
be  elected  at  each  meeting  for  the  following  one,  and,  with  the  exception 
of  the  Treasurer  and  the  Permanent  Secretary,  shall  not  be  reeiigible  for 
the  next  two  meetings.  The  term  of  office  of  Permanent  Secretary  shall 
be  five  years. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice  President 
present,  shall  preside  at  all  General  Sessions  of  the  Association  and  at  all 
meetings  of  the  Standing  Committee.  It  shall  also  be  the  duty  of  the 
President  to  give  an  address  at  a  General  Session  of  the  Association  at  the 
meeting  following  that  over  which  he  presided. 

Art.  U.  The  Vice  Presidents  shall  be  the  chairmen  of  their  respective 
Sections,  and  of  their  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  own  section,  at  such  time  as  the 
Standing  Committee  shall  determine.  The  Vice  Presidents  may  appoint 
temporary  chairmen  to  preside  over  the  sessions  of  their  sections,  but 
shall  not  delegate  their  other  duties.  The  Vice  Presidents  shall  have 
seniority  in  order  of  their  continuous  membership  in  the  Association. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  General 
Sessions  of  the  Association,  and  shall  keep  a  record  of  the  business  of 
these  i^essions.    He  shall  receive  the  records  from  the  Secretaries  of  the 
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Sections,  which,  after  examinatioB,  he  shall  transmit  with  his  own  records 
to  the  Permanent  Secretary  within  two  weeks  after  the  adjournment  of 
the  meeting.  He  shall  receive  proposals  for  membership  and  bring  them 
before  the  Standing  Committee. 

Art.  13.  The  Assistant  General  Secretary  shall  be  the  Secretary  of 
the  Standing  Committee.  He  shall  give  to  the  Secretary  of  each  Section 
the  titles  of  papers  assigned  to  it  by  the  Standing  Committee. 

Art.  14.  The  Permanent  Secretary  shall  be  the  executive  officer  of  the 
Association  under  the  direction  of  the  Standing  Committee.  He  shall 
attend  to  all  business  not  specially  referred  to  committees  nor  otherwise 
constitutionally  provided  for.  He  shall  keep  an  account  of  all  business 
that  he  has  transacted  for  the  Association,  and  make  annually  a  general 
report  for  publication  in  the  annual  volume  of  Proceedings.  He  shall 
attend  to  the  printing  and  distribution  of  the  annual  volume  of  Pro- 
ceedings, and  all  other  printing  ordered  by  the  Association.  He  shall 
issue  a  circular  of  information  to  members  and  fellows  at  least  three 
months  before  each  meeting,  and  shall,  in  connection  with  the  Local 
Committee,  make  all  necessary  arrangements  for  the  meetings  of  the 
Association.  He  shall  provide  the  Secretaries  pf  the  Association  with 
such  books  and  stationery  as  may  be  required  for  their  records  and  busi* 
ness,  and  shall  provide  members  and  fellows  with  such  blank  forms  as 
may  be  required  for  facilitating  the  business  of  the  Association.  He  shall 
collect  all  assessments  and  admission  fees,  and  notify  members  and  fellows 
of  their  election,  and  of  any  arrearages.  He  shall  receive,  and  bring 
before  the  Standing  Committee,  the  titles  and  abstracts  of  papers  pro- 
posed to  be  read  before  the  Association.  He  shall  keep  an  account  of  all 
receipts  and  expenditures  of  the  Association,  and  report  the  same  annually 
at  the  first  meeting  of  the  Standing  Committee,  and  shall  pay  over  to  the 
Treasurer  such  unexpended  funds  as  the  Standing  Committee  may  direct. 
He  shall  receive  and  hold  in  trust  for  the  Association  all  books,  pamphlets 
and  manuscripts  belonging  to  the  Association,  and  allow  the  use  of  the 
same  under  the  provisions  of  the  Constitution  and  the  orders  of  the 
Standing  Committee.  He  shall  receive  all  communications  addressed  to 
the  Association  during  the  interval  between  meetings,  and  properly  attend 
to  the  same.  He  shall  at  each  meeting  report  the  names  of  fellows  and 
members  who  have  died  since  the  preceding  meeting.  He  shall  be  allowed 
A  salary  which  shall  be  determined  by  the  Standing  Committee,  and  may 
employ  one  or  more  clerks  at  such  compensation  as  may  be  agreed  upon 
by  the  Standing  Committee. 
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Abt.  15.  The  Treasurer  shall  invest  the  funds  received  by  him  in  such 
securities  as  may  be  directed  by  the  Standing  C^ommittee.  He  shall 
annually  present  to  the  Standing  Committee  an  account  of  the  funds  in 
his  charge.  No  expenditure  of  the  principal  in  the  hands  of  the  Treas- 
urer shall  be  made  without  a  unanimous  vote  of  the  Siauding  Committee, 
and  no  expenditure  of  the  income  received  by  the  Treasurer  shall  be 
made  without  a  two-thirds  vote  of  the  Standing  Committee. 

Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records  of  their 
respective  scctionsi  and,  at  the  close  of  the  meeting,  give  the  same, 
including  the  records  of  subsections,  to  the  General  Secretary.  They 
shall  also  be  the  Secretaries  of  the  Sectional  Committees.  The  Secre- 
taries shall  have  seniority  in  order  of  their  continuous  membership  in  the 
Association. 

Art.  17.  In  case  of  a  vacancy  in  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  by  the  Standing  Committee  as  the  Presi- 
dent of  the  meeting.  Vacancies  in  the  offices  of  Vice  President,  Perma- 
nent Secretary,  General  Secretary,  Assistant  General  Secretary,  and  Treas- 
urer, shall  be  filled  by  nomination  of  the  Standing  Committee  and  election 
by  ballot  in  General  Session.  A  vacancy  in  the  office  of  Secretary  of  a 
Section  shall  be  filled  by  nomination  and  election  by  ballot  in  the  Section. 

Art.  18.  The  Standing  Committee  shall  consist  of  the  past  Presidents, 
and  the  Vice  Presidents  of  the  last  meeting,  together  witli  the  President, 
the  Vice  Presidents,  the  Permanent  Secretary,  the  General  Secretary,  the 
Assistant  Greneral  Secretary,  the  Secretaries  of  the  Sections,  and  the 
Treasurer  of  the  current  meeting,  with  the  addition  of  one  fellow  elected 
from  each  Section  by  ballot  on  the  first  day  of  its  meeting.  The  members 
present  at  any  regularly  called  meeting  of  the  Committee,  provided  there 
are  at  least  five,  shall  form  a  quorum  for  the  transaction  of  business.  The 
Standing  Committee  shall  meet  on  the  dny  preceding  each  annual  meeting 
of  the  Association,  and  arrange  the  programme  for  the  first  day  of  the 
sessions.  The  time  and  place  of  this  first  meeting  shall  be  designated  by 
the  Permanent  Secretary.  Unless  otherwise  agreed  upon,  regular  meet« 
ings  of  the  Committee  shall  be  held  in  the  committee  room  at  9  o'clock, 
A.  M.,  on  each  day  of  the  meeting  of  the  Association.  Special  meetings 
of  the  Committee  may  be  called  at  any  time  by  the  President.  The 
Standing  Committee  shall  be  the  board  of  supervision  of  the  Association, 
and  no  business  shall  be  transacted  by  the  Association  that  has  not  first 
been  referred  to,  or  originated  with,  the  Committee.  The  Committee 
shall  receive  and  assign  papers  to  the  respective  sections;  examine  and, 
if  necessary,  exclude  papers ;  decide  which  papers,  discussions  and  other 
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proceedings  shall  bo  published,  and  have  the  general  direction  of  the 
pablications  of  the  As^clation ;  mnnfige  the  financial  affiilrs  of  the  Asso- 
ciation; arrange  the  business  and  programmes  for  general  Sessions; 
suggest  subjects  for  discussion,  investigation  or  reports;  elect  members 
and  nominate  fellows;  and  receive  and  act  upon  all  luvitutions  extended 
to  the  Association  and  report  the  same  at  a  General  Session  of  the  Asso- 
ciation. 

Art.  id.  The  Nominating  Committee  shall  consist  of  the  Standing  Com- 
mittee, and  one  member  or  fellow  elected  by  each  of  the  Sections.  It 
shall  be  the  duty  of  this  Committee  to  meet  at  the  call  of  the  President 
and  nominate  the  general  officers  for  the  following  meeting  of  the  Asso- 
ciation. It  shall  also  be  the  duty  of  this  Committee  to  recommend  the 
time  and  place  for  the  next  meeting.  The  Vice  President  and  Secretary 
of  each  Section  shall  be  recommended  to  the  Nominating  Committee  by  a 
sub-committee  consisting  of  the  Vice  President,  Secretary,  and  three 
members  or  fellows  elected  by  the  Section. 

Mketixgs. 
Art.  20.    The  Association  shall  hold  a  public  meeting  annually,  for  one 

weelj  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of  the 
Association,  and  the  preliminary  arrangements  for  each  meeting  shall  be 
made  by  the  Local  Committee,  in  conjunction  with  the  Permanent  Secre- 
tary and  such  otlier  persons  as  the  Standing  Committee  may  designate. 

AiiT.  21.  General  Sessions  shall  be  held  at  10  o'clock  a.  m.,  unless 
otherwise  ordered,  on  every  day  of  the  meeting,  Sunday  excepted,  and 
at  such  other  times  as  may  be  appointed  by  the  Standing  Committee. 

Skctions  and  Subskctions. 
Akt.  22.     The  Association  shall  be  divided  into   Sections,  namely: — 

A,  Mathematics  and  Astronomic ;  B,  Physics;  C,  Chemistry^  including  its 
application  to  agriculture  and  the  arts ;  D,  Mechanical  Science  and  Engi- 
neering;  E,  Geology  and  Geography ;  F,  Biology;  [G,  united  to  section 
F];  W J  Anthropology ;  1^  Economic  Science  and  Statistics.  The  Standing 
Committee  shall  have  power  to  consolidate  any  two  or  more  Sections  tem- 
porarily, and  such  consolidated  Sections  shall  be  presided  over  by  the 
senior  Vice  President  and  Secretary  of  the  Sections  comprising  It. 

Art.  23.  Immediately  on  the  organization  of  a  Section  there  shall 
be  three  fellows  elected  by  ballot  after  open  nomination,  who,  with  the 
Vice  President  and  Secretary,  shall  form  Its  Sectional  Committee.  The 
Sectional  Committees  shall  have  power  to  fill  vacancies  in  their  own  num- 
bers. Meetings  of  the  Sections  shall  not  be  held  at  the  same  time  with  a 
General  Session. 
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Art.  24.  The  Sectional  Committee  of  any  Section  may  at  its  pleasure 
form  one  or  more  temporally  Subsections,  and  may  designate  the  officers 
thereof.  The  Secretary  of  a  Subsection  sliall,  at  the  close  of  the  meeting, 
transmit  his  records  to  the  Secretary  of  the  Section. 

Art.  25.  A  paper  shall  not  be  read  in  any  Section  nor  Subsection  until 
it  has  been  received  from  the  Standing  Committee  and  placed  on  the 
programme  of  the  day  by  the  Sectional  Committee. 

Sectional  Committkks. 

Art.  26.  Tiie  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  Sections.  They  shall  prepare  the  daily  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the 
earliest  moment  practicable.  No  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Standing  Committee. 
No  change  shall  be  made  in  the  programme  for  the  day  in  a  Section  with- 
out the  consent  of  the  Sectional  Committee.  The  Sectional  Committees 
may  refuse  to  place  the  title  of  any  paper  on  the  programme ;  but  every 
such  title,  with  the  abstract  of  the  paper  or  the  paper  itself,  must  be  re- 
turned to  the  Standing  Committee  with  the  reasons  why  it  was  refused. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  pro- 
gramme any  paper  inconsistent  with  the  character  of  the  Association; 
and  to  this  end  they  have  power  to  call  for  any  paper,  the  character  of 
which  may  not  be  sufficiently  understood  from  the  abstract  submitted. 

Papkus  and  Communications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conven- 
ing of  the  Association,  full  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature;  and  no  title  shall  be  referred  by  the 
Standing  Committee  to  the  Sectional  Committee  until  an  abstract  of  the 
paper  or  tlie  pape**  itself  has  been  received. 

Art.  29.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  bottom  of  the  list. 

Art.  30.  Whenever  practicable,  the  proceedings  and  discussions  at 
General  Sessions,  Sections  and  Subsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  In  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  Secretaries. 
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Printed  Proceedings. 

Art.  31.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  month  after  adjournment.  Authors  must  prepare  their 
papers  or  abstracts  ready  for  the  press  and  forward  them  to  the  Perma- 
nent Secretary  within  this  interval,  otherwise  only  the  abstracts  or  titles 
taken  fi*om  tlie  '* title  blanks"  will  appear  in  the  printed  volume.  The 
Standing  Committee  shall  have  power  to  order  the  printing  of  any  paper 
by  abstract  or  title  only.  Whenever  practicable,  proofs  shall  be  for- 
warded to  authors  for  revision.  If  any  additions  or  substantial  altera- 
tions are  made  by  the  author  of  a  paper  after  its  submission  to  the  Secre- 
tary, the  same  shall  be  distinctly  indicated.  Illustrations  must  be  pro- 
vided for  by  the  authors  of  the  papers,  or  by  a  special  appropriation  from  the 
Standing  Committee.  Immediately  on  publication  of  the  volume,  a  copy 
shall  be  forwarded  to  every  member  and  fellow  of  the  Association  who  shall 
have  paid  the  assessment  for  the  meeting  to  which  it  relates,  and  it  shall 
also  be  offered  for  sale  by  the  Permanent  Secretary  at  such  price  as  may 
be  determined  by  the  Standing  Committee.  The  Standing  Committee  shall 
also  designate  the  institutions  to  which  copies  shall  be  distributed. 

Local  Committee. 

Art.  82.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by 
the  officers  of  tlie  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least 
one  month  before  the  meeting. 

Library  of  the  Association. 

Art.  83.  All  books  and  pamphlets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  furnish  a  copy  to  any  member  or  fellow  on  appli- 
cation. Members  and  fellows  who  have  paid  their  assessments  in  full 
shall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  thoir  expense,  on  their  giving  a  receipt  agreeing  to  make 
good  any  loss  or  damage  and  to  return  the  same  free  of  expense  to  the 
Secretary  at  the  time  specified  In  the  receipt  given.  All  books  and  pam- 
phlets in  circulation  must  be  returned  at  each  meeting.  Not  more  than 
five  books,  including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be 
held  at  one  time  by  any  member  or  fellow.  Any  book  may  be  withheld 
lh>m  circalatioD  by  order  of  the  Standing  Committee. 
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Admission  Fee  and  Assessments. 

Art.  S4.  The  admission  fee  for  members  slmll  be  five  dollars  In  addi- 
tion to  tlic  annual  assessment.  On  the  election  of  any  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Akt.  3o.  The  annual  assessment  for  members  and  fellows  shall  be 
three  dollars. 

Akt.  36.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member  and 
as  such  hhall  be  exempt  from  all  further  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall 
be  invested  as  a  permanent  fund,  the  income  of  which  shall  be  used 
only  to  assist  in  original  research,  unless  otherwise  directed  by  unani- 
mous vote  of  the  Standing  Committee. 

AiiT.  37.  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 

Art.  38.  The  accounts  of  the  Permanent  .Secretary  and  of  the  Treos- 
rrer  shall  be  audited  annually,  by  Auditors  appointed  by  the  Standing 
Committee. 

Alterations  of  the  Constitution. 
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Wormley,  T.  G.,  Univ.  of  Pennsylvania,  Philadelphia,  Pa.  (20).    1878. 
Worthen,  A.  H.,  Springfield,  111.  (5).     1874.  E 

Wright,  Prof.  Albert  A.,  Oberlln  College,  Oberlin,  Ohio  (24).    1880.  E  F 
Wright,  Prof.  Arthur  W.,  Yale  Coll.,  New  Haven,  Conn.  (14).    1874.  A  B 
Wright,  Kev.  Geo.  F.,  Oberlin  College,  Oberlln,  Ohio  (29).     1882.   B 
Wiirtele,  Rev.  Louis  C,  Acton  Vale,  Province  of  Quebec,   Can.   (11). 

1875.   E 
Wyckoff,  Wm.  C,  44  Howard  St.,  New  York,  N.  Y.  (20).     1874. 
Wylle,  Prof.  Theoph.  A.,  Indiana  Univ.,  Bloomlngton,  Ind.  (20).  1874. 

Youmans,  Prof.  Edward  L.,  New  York,  N.Y.  (6).    1874. 
Young,  C.  A.,  Prof,  of  Astronomy,  College  of  New  Jersey,  Princeton 
N.  J.    (18).     1874.  A  B  D 

Zentmayer,  Joseph,  147  S.  Fourth  St,  Philadelphia,  Pa.  (29).    1882,  F 
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of  any  of  the  former  members,  is  requested  by  the  Permanent  Secretary.] 

Abbe,  George  W.,  New  York,  N.  Y.  (23).    Died  Sept.  26,  1879. 

Abert,  J.  J.,  Washington,  D.  C.  (1).    Born  in  1785.    Died  January  27, 

18G3. 
Adams,  C.  B.,  Amherst,  Mass.  (1).    Born  January  11,  18 U.    Died  Jan'y 

19,  1858. 
Adams,  Edwin  F.,  Charlestown,  Mass.  (18). 
Adams,  Samuel,  Jacksonville,  111.  (18).    Bom  Dec.  19,  1806.    Died  April 

29,  1877. 
Agassiz,  Louis,  Cambridge,  Mass.   (1).    Born  May  28,  1807.    Died  Dec. 

U,  1873. 
Alnsworth,  J.  G.,  Barry,  Mass.    (U). 
Alexander,  Stephen,  Princeton,  N.  J.  (1).    Born  Sept.  1,  1806.  Died  June 

25,  1883. 
Allen,  Thomas,  St.  Louis,  Mo.  (27).    Died  April  8,  1882. 
Allen,  Zncharlah,  Providence,  R.  I.  (1).    Died  March  17,  1882. 
Allston,  K.  F.  W.,  Georgetown,  S.  C.  (3).    Born  April  21,  1801.    Died 

April  7,  1864. 
Alvord,  Benjamin,  Washington,  D.  C.  (17).    Died  Oct.  16,  1884,  at   the 

ago  of  71. 
Ames,  M.  P.,  Springfield,  Mass.  (1).    Born  In  1803.    Died  April  23,  1847. 
Andrews,  El)enezer  B.,  Lancaster,  Ohio  (7).   Died  Aug.  21,  1880,  aged  59. 
Anthony,  Charles  IL,  Albany,  N.  Y.  (6).     Died  in  1874. 
Appleton,  Nathan,  Boston,  Mass.  (1).    Born  Oct.  6,  1779.    Died  July  14, 

1801. 
Armstrong,  John  W.,  Fredonla,  N.  Y.  (24). 
Atwater,  Mrs.  S.  T.,  Chicago,  111.  (17).    Born  Aug.  8, 1812.    Died  April  11, 

1878. 
Aufkccht,  Louis,  Cincinnati,  Ohio  ^30). 

Bache,  Alexander  D,,  Washington,  D.  C.  (1).    Bom  July  19,  1806.    Died 

Feb.  17,  1867, 
Baclie.  Franklin,  Philadelphia,  Pa.  i,l>.    Born  Oct  25,  1792.    Died  March 

19.  1864. 
Bailey^  Jacob  W.,  West  Point,  N.  Y.  (1).     Born  AprU  29,  1811.     Died 

Feb.  26,  1837. 
BardNYcll,  F.  W.,  Lawrence,  Kan.  ^,13\    Died  in  1S78. 
v^lxxxll) 
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Barnard,  John  G.,  New  York,  N.  Y.  (14).    Died  May  14,  1882. 

Barrett,  Moses,  Milwaukee,  Wis.  (21).    Died  in  1873. 

Barry,  Redmond,  Melbourne,  Australia  (25). 

Bassnett,   Tlioraas,  Jacksonville,  Fla.  (8).    Died  Feb.  IG,  1886,  aged  79 

years. 
Beck,  C.  F.,  Philadelphia,  Pa.  (1). 
Beck,  Lewis  C,  New  Brunswick,  N.  J.  (1).      Born  Oct.  4,  1798.    Died 

April  21,  1853. 
Beck,  T.  Romeyn,  Albany,  N.  Y.  (1).    Born  Aug.  11, 1791.    Died  Nov.  19, 

1856. 
Beckwitli,  Henry  C,  Coleman's  Station,  N.  Y.  (29).    Died  July  12,  1885. 
Belfrage,  G.  W.,  Clifton,  Texas  (29).     Died  Dec.  7,  1882. 
Belt,  Thomas,  London,  Eng.  (27).    Died  Sept.  8,  1878. 
Benedict,  George  W.,  Burlington,  Vt.  (16).    Born  Jau.  11,  1796.    Died  in 

1871. 
Blcknell,  Edwin,  Boston,  Mass.  (18).    Born  in  1830.    Died  March  19, 1877. 
Binney,  Amos,  Boston,  Mass.  (1).    Boru  Oct.  18,  1803.    Died  Feb.  18, 

1847. 
Binney,  John,  Boston,  Mass.  (3). 
Blackie,  Geo.  S.,  Nashville,  Tenn.  (26). 

Blair,  Henry  W.,  Washington,  D.  C,  (26).     Died  Dec.  15,  1884. 
Blake,  Homer  C,  New  York,  N.  Y.  (2a).    Born  Feb.  1,  1822. 

Blanding,  William, ,  R.  L  (1). 

Blatchford,  Thomas  W.,  Troy,  N.  Y.  (6). 

Blatchley,  Miss  S.  L.,  New  Haven,  Conn.  (19).     Died  March  13,  1873. 
Boadle,  John,  Haddonfleld,  N.  J.  (20).    Born  in  1805.     Died  In  July,  1878. 
Bomford,  George,  Washington,  D.  C.  (1).    Born  1780.    Died  March  25, 

1848. 
Bowron,  James,  South  Pittsburg,  Tenn.  (26).    Died  in  Dec,  1877. 
Bradley,  Leverette,  Jersey  City,  N.  J.  (15).    Died  in  1875. 
Braithwalte,  Jos.,  Chambly,  C.  W.  (11). 

Briggs,  Albert  D.,  Springfield,  Mass.  (13).     Died  Feb.  20,  1881. 
Briggs,  Robert,  Philadelphia,  Pa.  (29).    Born  May  18,  1822.    Died  July 

24,  1882. 
Brigham,  Charles  H.,  Ann  Arbor,  Mich.  (17).    Born  July  27,  1820.    Died 

in  Jan.,  1879. 
Brown,  Andrew,  Natchez,  Miss.  (1). 
Brown,  Horace,  Salem,  Mass.  (27).    Died  in  July,  1883. 
Bull,  John,  Washington,  D.  C.  (31).    Born  Aug.  1,  1819.    Died  June  9, 

1884. 
Bnrbank,  L.  S.,  Woburn,  Mass.     (18). 

Burke,  Joseph  Chester,  Mlddletown,  Corn.  (29).    Died  In  1886. 
Burnap,  G.  W.,  Baltimore,  Md.  (12).    Born  Nov.  80,  1802.    Died  Sept. 

8,  1859. 
Burnett,  Waldo  I.,  Boston,  Mass.  (1).    Died  July  1,  1854,  aged  27. 
Butler,  Thomas  B.,  Norwalk,  Conn.  (10).    Born  Aug.  22,  1806.    Died 

June  8,  1873. 
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Cairns,  F.  A.,  New  York,  N.  Y.  (27).    Died  in  1879. 

Campbell,  Mrs.  Mary  H.,  Crawfordsville,  Ind.  (22).    Died  Feb.  27,  1882. 

Carpenter,  Thornton,  Camden,  S.  C.  (7). 

Carpenter,  William  M.,  New  Orleans,  La.  (1). 

Case,  Leonard,  Cleveland,  Ohio  (15).    Born  Jane  27,  1820.    Died  Jan.  5, 

1880. 
Case,  William,  Cleveland,  Ohio  (6). 
Caswell,  Alexis,  Providence,  R.  I.  (2).    Bom  Jan.  29, 1799.    Died  Jan.  8, 

1877. 
Chadboarne,  Paul  Ansel,  Amherst,  Mass.  (10).  Bom  Oct.  21,  1823.   Died 

Feb.  23,  1883. 
Chapman,  N.,  Philadelphia,  Pa.  (1).  Born  May  28, 1780.    Died  July  1, 1863. 
Chase,  Stephen,  Hanover,  N.  H.  (2).   Born  In  1818.   Died  Aug.  5, 1851. 
Chauvenet,  William,  St.  Louis,  Mo.  (1).    Born  May  24,  1819.    Died  Dec. 

13,  1870. 
Cheesman,  Louis  M.,  Hartford,  Conn.   (32).     Died  in  Jan.  1885,  aged  27 

years. 
Cheney,  Miss  Margaret  S.,  Jamaica  Plain,  Mass.  (29).    Died  in  1882. 
Clapp,  AsQhel,  New  Albany,  Ind.  (1).    Born  Oct.  5,  1792.    Died  Dec.  15, 

1862. 
Clark,  Henry  James,  Cambridge,  Mass.  (13).    Died  July  1,  1873,  aged  47. 
Clark,  Joseph,  Cincinnati,  Ohio  (5). 
Clarke,  A.  B.,  Holyoke,  Mass.  (13). 
Cleaveland,  C.  H.,  Cincinnati,  Ohio  (9). 
Cleveland,  A.  B.,  Cambridge,  Mass.  (2). 

Coffin,  James  II.,  Easton,  Pa.  (1).    Born  Sept.  6,  1806.  Died  Feb.  6,  1873. 
Cole,  Thomas,  Salem,  Mass.  (1).    Bora  Dec.  24, 1779.    Died  June  24, 1852. 
Coleman,  Henry,  Boston,  Mass.  (1). 
Collins,  Frederick,  Washington,  D.  C.  (28).    Born  Dec.  6,  1842.    Died 

Oct.  27,  1881. 
Conrad,  Timothy  Abbott,  Philadelphia,  Pa.  (1).    Bom  in  August,  1808. 

Died  August  9,  1877. 
Cooke,  Caleb,  Salem,  Mass.  (18).    Born  Feb.  15, 1838.  Died  June  5, 1880. 
Cooper,  William,  Hoboken,  N.  J.  (9).    Died  in  1664. 
Copes,  Joseph  S.,  New  Orleans,  La.   (11).     Born  Dec.  9,  1811.     Died 

March  1,  1885. 
Corning,  Erastus,  Albany,  N.  Y.  (6).    Bora  Dec.  14,  1794.    Died  April  9, 

1872. 
Costin,  M.  P.,  Fordham,  N.  Y.  (80).    Died  June  8,  1884. 
Couper,  James  Hamilton,  Darien,  Ga.  (1).  Born  March  5, 1794.  Died  July 

3,  1866. 
Cramp,  J.  M.,  WolfvlUe,  N.  S.  (11).    Born  July  25,  1796.     Died  Dec.  6, 

1881. 
Crehore,  John  D.,  Cleveland,  Ohio  (24). 

Crocker,  Charles  F.,  Lawrence,  Mass.  (22).    Died  in  July,  1881. 
.Crosby,  Alpheus,  Salem,  Mass.  (10).    Born  Oct.  18,  1810.    Died  April  17, 
1874. 
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Crosby,  Thomas  R.,  Hanover,  N.  H.  (18).      Bora  Oct.  22,  1816.      Died 

March  1,  1872. 
Croswell,  Edwin,  Albany,  N.  Y.  (6).    Born  in  May,  1797.    Died  June  18, 

1871. 
Crow,  Wayman,  St.  Louis,  Mo.  (27).     Born  March  7,  1808.     Died  May 

10,  1885. 
Curry,  W.  F.,  Geneva,  N.  Y.  (11). 
Curtis,  Joslah,  Washington,  D.  C.  (18).    Died  Aug.  1,  1883. 

Dalrymple,  E.  A.,  Baltimore,  Md.  (11).    Died  Oct.  30,  1881. 

Dayton,  Edwin  A.,  Madrid,  N.  Y.  (7).    Born  in  1827.  Died  June  24,  1873. 

Dean,  Amos,  Albany,  N.  Y.  (6).    Born  Jan.  16,  1803.    Died  Jan.  26,  1868. 

Dearborn,  George  H.  A.  S.,  Roxbnry,  Mass.  (1). 

Dekay,  James  E.,  NewYorlv,N.  Y.  (1).  Born  in  1792.  Died  Nov.  21,  1851. 

DeLaski,  John,  Carver's  Harbor,  Me.  (18). 

Devereux,  J.  H.,  Cleveland,  Ohio  (18).    Died  March  17, 1886. 

Dewey.  Chester,  Rochester,  N.  Y.  (1).  Born  Oct.  25,  1781.    Died  Dec.  16, 

1867. 
Dexter,  G.  M.,  Boston,  Mass.  (11). 
Dillingham,  W.  A.  P.,  Augusta,  Me.  (17). 
Dimmick,  L.  N.,  Santa  %vrbara,  Cal.  (29).    Died  May  31,  1884. 
Dixwell,  Geo.  B.,  Boston,  Mass.  (29).    Died  April,  1885. 
Doggett,  Mrs.  Kate  N.,  Chicago,  Hi.  (17).    Died  March  12,  1884. 
Doggett,  Wm.  E.,  Chicago,  III.  (17).    Born  Nov.  20,  1820.    Died  in  1876. 
Doolittle,  L.,  Lenoxville,  C.  E.  (11).    Died  in  1862. 
Dorr,  E.  P.,  Buffalo,  N.  Y.  (16).    Died  March  28,  1881. 
Draper,  Henry,  New  York,  N.  Y.  (28). 
Ducatel,  J.  T.,  Baltimore,  Md.  (1). 
Duffleld,  George,  Detroit,  Mich.  (10).    Born  July  4,  1794.    Died  June  26, 

1869. 
Dumont,  A.  H.,  Newport,  R.  I.  (14). 

Duncan,  Lucius  C,  New  Orleans,  La.  (10).    Died  Aug.  9,  1856,  aged  64. 
Dunn,  R.  P.,  Providence,  R.  L  (14). 

Easton,  Norman,  Fall  River,  Mass.  (14).    Died  Dec.  21,  1872. 

Eaton,  James  H.,  Beloit,  Wis.  (17).    Died  Jan.  5,  1877. 

Elsberg,  Louis,  New  York,  N.  Y.  (23).     Died  Feb.  19,  1886,  aged  48  years. 

Elwyn,  Alfred  L.,  Philadelphia,  Pa.  (1).     Died  March  15,  1884. 

Ely,  Charles  Arthur,  Elyria,  Ohio  (4). 

Emerson,  Geo.  B.,  Boston,  Mass.  (1).  Born  Sept.  12,  1797.    Died  March 

4,  1881. 
Emmons,  Ebenezer,  Wllliamstown,  Mass.  (1).    Born  May  16,  1799.    Died 

October  1,  1868. 
Engelmann,  George,  St.  Louis,  Mo.  (1).     Born  Feb.  2,  1809.    Died  Feb. 

4,  1884. 
Engstrom,  A.  B.,  Burlington,  N.  J.  (1). 
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Eustis,  Henry  L.,  Cambridge,  Mass.  (2).    Born  Feb.  1,  1819.    Died  Jan. 

II,  1885. 
Everett,  Edward,  Boston,  Mass.  (2).    Born  April  11, 1794.    Died  Jan.  16, 

1865. 
Ewing.  Tliomas,  Lancaster,  Ohio  (5).    Born  Dec.  28,  1789.    Died  Oct.  26, 

1871. 

Fades,  R.  J.,  Wauwatosa,  Wis.  (21).    Died  May  31,  1878. 

Farquharson,  Robert  James,  Des  Moines,  Iowa   (24).     Died  Sept.  6,  1884. 

Ferris,  Isaac,  New  York,  N.  Y.  (6).    Born  Oct.  9,  1798.    Died  June  16, 

1873. 
Feuchtwanger,  Lewis,  New  Yorlc,  N.  Y.  (11).    Died  June  25,  1876. 
Fillmore,  Millard,  Buffalo,  N.  Y.  (7).    Born  Jan.  7,  1800.     Died  March  8, 

1874. 
Fisher,  Mark,  Trenton,  N.  J.  (10). 
Fitch,  Alexander,  Hartford,  Conn.  (1).    Born  March  25, 1799.    Died  Jan. 

20,  1859. 
Fitch,  O.  H.,  Ashtabula,  Ohio  (7).    Died  Sept.  17,  1882,  in  his  80th  year. 
Forbush,  E.  B.,  Buffalo,  N.  Y.  (16). 
Force,  Peter,  Washington,  D.  C.  (4).    Born  Nov.  26,  1790.    Died  Jan.  23, 

1868. 
Ford,  A.  C,  Nashville,  Tenn.  (26).  ' 

Forshey,  Caleb  O.,  New  Orleans,  La.  (21).    Died  in  Aug.,  1881. 
Foster.  John  W.,  Chicago,  III.  (1).    Born  March  4,  1815.    Died  June  29, 

1873. 
Foucon,  Felix,  Madison,  Wis.  (18). 
Fowle,  Wm.  B.,  Boston,  Mass.  (1).    Born  Oct.  17,  1795.    Died  Feb.  6, 

1865. 
Fox,  Charles,  Grosse  He,  Mich.  (7). 
Frazer,  John  F.,  Philadelphia,  Pa.  (1).    Born  July  8,  1812.    Died  Oct.  12, 

1872. 
French,  J.  W.,  West  Point,  N.  Y.  (11). 

Garber,  A.  P.,  Columbia,  Pa.  (29).     Died  Aug.  26,  1881. 

Gavit,  John  E.,  New  York,  N.  Y.  (1). 

Gay,  Martin,  Boston,  Mass.  (1).    Died  Jan.  12,  1850,  aged  46. 

Gibbon,  J.  XL,  Charlotte,  N.  C.  (3). 

Gillespie,  W.  M.,  Schenectady,  N.  Y.  (10).    Born  in  1816.      Died  Jan'y  1, 

1868. 
Gilmor,  Robert,  Baltimore,  Md.  (1). 

Glazier,  W.  W.,  Key  West,  Fla.  (29).  Died  Dec.  11,  1880. 
Goldraark,  J.,  New  York,  N.  Y.  (29).  Died  in  April,  1882. 
Gould,  Augustus  A.,  Boston,  Mass.  (11).     Born  April  23,  1805.     Died 

Sept.  16,  1806. 
Gould,  B.  A.,  Boston,  Mass.  (2).   Born  June  15,  1787.   Died  Oct.  24, 1859, 
Graham,  James  D.,  Washington,  D.  C.  (1).     Born  in  1799.   Died  Dec.  28, 

1865. 
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Gray,  Alonzo,  Brooklyn,  N.  Y.  (13).    Born  in  1808.  Died  March  10,  1860. 
Gray,  James  H.,  Springfield,  Mass.  (6). 

Greene,  Benjamin  D.,  Boston,  Mass.  (1).    Died  Oct.  14,  1862,  aged  68. 
Greene,  Everett  W.,  Madison,  N.  J.  (10).    Died  in  1864. 
Greene,  Samuel,  Woonsocket,  R.  I.  (9).    Died  in  1868. 
Greer,  James,  Dayton,  Ohio  (20).    Died  in  Feb.,  1874. 
Griffith,  Robert  E.,  Philadelphia,  Pa.  (1). 

Griswold,  John  A.,  Troy,  N.  Y.  (19).    Born  in  1822.    Died  Oct.  81,  1872. 
Guest,  William  E.,  Ogdensburg,  N.  Y.  (6). 

Guyot,  Arnold,  Princeton,  N.  J.  (1).    Born  Sept.  5, 1809.    Died  Feb.  8, 
1884. 

Hackley,  Charles  W.,  New  York,  N.  Y.  (4).    Born  March  9,  1809.    Died 

January  10,  1861. 
Hadley,  George,  Buffalo,  N.  Y.  (6).    Born  June,  1813.  Died  Oct.  16.  1877. 
Haldeman,  S.  S.,  Chickies,  Pa.  (1).    Died  Sept.  10,  1880,  aged  68. 
Hale,  Enoch,  Boston,  Mass.  (1).    Born  Jan.  29,  1790.  Died  Nov.  12, 1848. 
Hance,  Ebenezer,  Fallsington  P.  O.,  Pa.  (7).    Died  in  1876. 
Hare,  Robert,  Philadelphia,  Pa.  (1).     Born  Jan.  17,  1781.     Died  May  15, 

1858. 
Harlan,  Joseph  G.,  Haverford,  Pa.  (8). 
Harlan,  Richard,  Philadelphia,  Pa.  (1). 
Harris,  Thaddeus  W.,  Cambridge,  Mass.  (1).    Born  Nov.  12,  1795.    Died 

Jan.  16,  1856. 
Harrison,  A.  M.,  Plymouth,  Mass.  (29). 
Harrison,  Jos.,  Jr.,  Philadelphia,  Pa.  (12). 

Hart,  Simeon,  Farmington,  Conn.  (1).    Died  April  20,  1853,  aged  57. 
Hartt,  Charles  F.,  Ithaca,  N.  Y.  (18).    Born  in  1840.  Died  March  18,  1878. 
Haven,  Joseph,  Chicago,  111.  (17).   Born  Jan.  4,  1816.   Died  May  23,  1874. 
Hawes,  George  W.,  Washington,  D.  C.  (23).    Born  Dec.  31,  1848.     Died 

June  22,  1882. 
Hayden,  H.  H.,  Baltimore,  Md.  (1). 
Hayes,  George  E., Buffalo,  N.  Y.  (15). 

Hay  ward,  James,  Boston,  Mass.  (1).    Died  July  27,  1866,  aged  80. 
Hempstead,  G.  S.  B.,  Portsmouth,  Ohio  (29).     Died  July  9,  1883,  in  his 

89th  year. 
Henry,  Joseph,  Washington,  D.  C.  (1).  Born  Dec.  17, 1797.  Died  May  13, 

1878. 
Hickox,  S.  V.  R.,  Chicago,  111.  (17).    Died  in  1872. 
Hilgard,  Theo.  C,  St.  Louis,  Mo.  (17).    Born  Feb.  28, 1828.   Died  Mch.  5, 

1876. 
Hill,  Walter  N.,  Chester,  Pa.  (29).    Born  April  15, 1846.     Died  March  29, 

1884. 
Hincks,  William,  Toronto,  C.  W.  (11). 
Hitchcock,  Edward,  Amherst,  Mass.  (1).    Born  May  24, 1793.    Died  Feb. 

27,  1864. 
Hodgson,  W.  B.,  Savannah,  Ga.  (10).     Born  1815. 


IzXXViii  DECEASED   MEMBERS. 

Holbrook,  John  E.,  Charleston,  S.  C.  (1).     Born  Dec.  31,  1796.    Died 

Sept.  8,  1871. 
Holman,  Mrs.  S.  W.,  Boston,  Mass.   (29).    Died  May  5,  1885. 
Hopkins,  Albert,  Williamstown,  Mass.  (19).     Born  July  14,  1807.    Died 

May  25, 1872. 
Hopkins,  James  6.,  Ogdensbnrg,  N.  T.  (10).    Died  in  1860. 
Hopkins,  T.  O.,  Wllllamsville,  N.  Y.  (10).    Died  in  1866. 
Hopkins,  Wm.,  Lima,  N.  Y.  (5.)     Died  in  March,  1867. 
Hoppock,  A.  E.,  Hastlngs-on- Hudson,  N.  Y.  (29). 
Horton.  C.  V.  R.,  Chaumont,  N.  Y.  (10).    Died  in  1862. 
Horton,  William,  Craigville,  N.  Y.  (1). 
Hosford,  BenJ.  F.,  Haverhill,  Mass.  (13).    Died  in  1864. 
Hough,  Franklin  B.,  Lowville,  N.  Y.  (4).    Born  1822.    Died  June  11, 1885. 
Houghton,  Douglas,  Detroit,  Mich.   (1).    Born  Sept.  21,   1809.    Died 

Oct.  13,  1845. 
Hovey,  Edmund  0.,  Craw  fords  viUe,  Ind.  (20).    Bom  July  15,  1801.    Died 

March  10,  1877. 
Howland,  Theodore,  Buffalo,  N.  Y.  (15). 

Hubbert,  James,  Richmond,  Province  of  Quebec  (16).    Died  in  1868. 
Hunt,  Edward  B.,  Washington,  D.  C.  (2).     Born  June  15,  1822.    Died 

Oct.  2,  1863. 
Hunt,  Freeman,  New  York,  N.  Y.  (11).    Bom  March  21,   1804.    Died 

March  2,  1858. 

Ives,  Moses  B.,  Providence,  R.  I.  (9).    Died  in  1857. 
Ives,  Thomas  P.,  Providence,  R.  I.  (10). 

Jackson,  Charles  T.,  Boston,  Mass.   (1).    Bom  June  21,  1805.    Died 

Aug.  29,  ISv^O. 
James,  Thomas  Potts,  Cambridge,  Mass.  (22).    Bom  Sept.  1, 1803.    Died 

Feb.  22,  18S2. 
Johnson,  Walter  R.,  Wa.shington,  D.  C.  (1).     Bora  June  21,  1794.     Died 

April  26,  1$52. 
Johnson,  William  Schuyler,  Washington,  D.  C.  (31).      Bom  Sept.  20, 

1859.    Died  Oct.  6,  1883. 
Jones,  Catesby  A.  R,,  Washington,  D.  C  (8). 
Jones,  Ilcnry  A.,  Portland,  Me.  (29^.     Died  Sept.  3, 1SS3. 
Jones,  James  H.,  Boston,  Mass,  (28). 

Kedtle,  W.  K.,  Oberlln,  Ohio  (25). 

Keely,  George  W.,  Waterville.  Me.  (1).    Died  in  isrs. 

Keep,  N.  C,  Boston,  Mass.  (18).    Died  In  March,  li?r5. 

Kcnuicott,  Robert,  West  Korthfield,  III.  (12).    Born  Nov.  13,  1835.    Died 

in  1866. 
Kerr,   Washington  Carothers,  Raleigh,  N,  C.    (10).    Died  Ang.  9,  1886, 

aged  56  years. 
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Kidder,  Henry  Purkitt,  Boston,  Mass.    (29).    Born  Jan.  18,  1823.    Died 

in  1886. 
King,  Mitchell,  Charleston,  S.  C.  (3).    Born  June  8,  1783.    Died  in  1862. 
Kite,  Thomas,  Cincinnati,  Ohio  (5).    Died  Feb.  6, 1884. 
Klippart,  John  H.,  Columbus,  Ohio  (17).    Died  October,  1878. 
Kniclcerbocker,  Charles,  Chicago,  111.  (17).    Died  in  1873. 
Knight,  J.  B.,  Philadelphia,  Pa.  (21).    Died  March  10,  1879. 

Lacklan,  R.,  Cincinnati,  Ohio  (11). 

Lapham,  Increase  A.,  Milwaukee,  Wis.  (3).    Born  March  7,  1811.    Died 

Sept.  14,  1875. 
LaKoche,  R.,  Philadelphia,  Pa.  (12). 
Lasel,  Edward,  Williamstown,  Mass.  (1).    Born  Jan.  21,  1809.     Died  in 

1852. 
Lawford,  Frederick,  Montreal,  Canada  (11).    Died  in  1866. 
Lawrence,  Edward,  Charlestown,  Mass.    (18).    Born  June,  1810.     Died 

Oct.  17,  1885. 
Le  Conte,  John  L.,  Philadelphia,  Pa.  (1).    Died  Nov.  16,  1883. 
Lederer,  Baron  von,  Washington,  D.  C.  (1). 
Lleber,  Oscar  M.,  Columbia,  S.  C.  (8).     Born  Sept.  8,  1830.    Died  June 

27,  1862. 
Lincklaen,  Ledyard,  Cazenovia,  N.  Y.  (1).    Died  April  25,  1864. 
Llnsley,  James  H.,  Stafford,  Conn.  (1).    Born  May  5,  1787.  Died  Dec.  26, 

1843. 
Lockwood,  Moses  B.,  Providence,  R.  I.  (9).     Died  In  1872. 
Logan,  William  £.,  Montreal,  Canada  (1).    Born  April  23,  1798.    Died 

June  22,  1875. 
Loosey,  Charles  F.,  New  York,  N.  Y.    (12). 
Lotbrop,  Joshua  R.,  Buffalo,  N.  Y.  (15). 
Lowrle,  J.  R.,  Warrlorsraark,  Pa.  (29).    Died  Dec.  10,  1885. 
Lyon,  Sidney  S.,  Jeffersonville,  Ind.  (20).    Born  Aug.  4,  1808.  Died  June 

24,  1872. 

MConihe,  Isaac,  Troy,  N.  Y.  (6). 

McFadden,  Thomas,  WesterviUe,  Ohio  (30).    Bom  Nov.  9,  1825.    Died 

Nov.  9,  1883. 
McMahon,  Mathew,  Albany,  N.  Y.  (11). 
Maack,  O.  A.,  Cambridge,  Mass.  (18).    Died  in  Aug.,  1873. 
Mahan,  Dennis  H.,  West  Point,  N.  Y.  (9).    Born  April  2, 1802.    Died  Sept. 

16,  1871. 
Marsh,  Dexter,  Greenfield,  Mass.  (1). 
Marsh,  James  £.,  Roxbury,  Mass.  (10). 
Martin,  B.  N.,  New  York,  N.  Y.  (23).    Died  Dec.  26,  1883. 
Mather,  William  W.,  Columbus,  Ohio  (1).    Born  May  24, 1804.  Died  Feb. 

27,  1859. 
Maude,  John  B.,  St.  Louis,  Mo.  (27).    Died  In  April,  1879. 
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XC  DECEASED   MEMBERS. 

Maupln,  S.,  Charlottesville,  Va.  (10). 

Meade,  George  G.,  Phihidelpliia,  Pa.  (15).    Born  Dec.  80,   1815.    Died 

Nov.  6, 1872. 
Meek,  F.  B.,  Washington,  D.  C.  (6).    Born  December  10,  1817.    Died 

December  21,  1876. 
Meigs,  James  Altken,  Philadelphia,  Pa.  (12).    Born  July  SO,  1829.    Died 

Nov.  9,  1879. 
Minifle,  William,  Baltimore,  Md.  (12).    Born  in  1805.  Died  Oct.  24,  1880. 
Mitchel,  O.  M.,  Cincinnati,  Ohio  (3).    Born  Aug.  28,  1810.     Died  Oct.  30, 

18G2. 
Mitchell,  William,  Poughlceepsie,  N.  Y.  (2).    Died  April  2,  1869,  aged  76. 
Mitchell,  Wm.  H.,  Florence,  Ala.  (17). 
Morgan,  Lewis  H.,  Rochester,  N.  Y.  (10).    Bom  Nov.  21,  1818.    Died 

Dec.  17,  1881. 
Morgan,  Mrs.  Mary  E.,  Rochester,  N.  Y.  (31).    Died  in  1884. 
Morris,  John  B.,  Nashville,  Tenn.  (26). 
Morton,  Samuel  G.,  rhiladelphia,  Pa.  (1).    Born  Jan.  26,   1799.    Died 

May  15,  1851. 
Mudge,  Benjamin  F.,  Manhattan,  Kansas  (25).    Born  Aug.  11, 1817.  Died 

Nov.  21,  1879,  aged  62. 
Monroe,  Nathan,  Bradfoi'd,  Mass.  (6).    Born  May  16,  1804.    Died  July  8, 

1866. 
Monroe,  William,  Concord,  Mass.  (18).     Died  April  27,  1877. 
Muir,  William,  Montreal,  Can.  (31).     Died  July,  1885. 
Mussey,  William  H.,  Cincinnati,  Ohio  (30).     Born  Sept.  13,  1818.    Died 

Aug.  1, 1882. 

Newland,  John,  Saratoga  Springs,  N.  Y.  (28).     Died  Jan.  18,  1880. 

Newton,  E.  H.,  Cambridge,  N.  Y.  (1). 

Nichols,  Charles  A.,  Providence,  11.  I.  (17).     Born  Jan.  4,  1826.    Died 

Oct.  20,  1877. 
Nicholson,  Thomas,  New  Orleans,  La.  (21). 
NicoUett,  Jean  N.,  Washington,  D.  C.  (1).    Born  July  24,  1786.     Died 

Sept.  11,  1843. 
Norton,  John  P.,  New  Haven,  Conn.  (1).    Born  In  July,  1822.     Died  Sept. 

6,  1852. 
Norton,  W.  A.,  New  Haven,  Conn.  (6). 
Noyes,  J.  O.,  New  Orleans,  La.  (21). 
Nutt,  Cyrus,  Bloomington,  lud.  (20).     Died  in  1875. 

Oakes,  Wm.,  Ipswich,  Mass.  (1).    Born  July  1,  1799.    Died  July  31,  1848. 
Ogden,  Robert  W.,  New  Orleans,  La.  (21).    Died  March  24,  1878. 
Ogden,  William  B.,  High  Bridge,  Westchester  Co.,  N.  Y.  (17).     Born  In 

1805.     Died  Aug.  3,  1877. 
Olmsted,   Alexander  F.,  New   Haven,  Conn.    (4).     Born  Dec.  20,  1822. 

Died  May  6,  1863. 


DECEASED   MEMBERS.  XCl 

Olmsted,  Dcnison,  New  Haven,  Conn.  (1).    Born  June  18,  1791.    Died 

May  13,  1859. 
Olmsted,  Denison,  jr.,  New  Haven,  Conn.  (1).    Born  Feb.  16, 1824.    Died 

Aug.  15,  1846. 
Orton,  James,  Pouglikeepsle,  N.  Y.  (18).    Died  Sept.  24,  1877. 
Osban,  Isaac  J.,  Salem,  Mass.  (29). 
Otis,  George  Alexander,  Washington,  D.  C.  (10).      Born  Nov.  12,  1830. 

Died  Feb.  23,  1881. 

Packer,  Harry  E.,  Mauch  Clinnk,  Pa.  (30).    Died  Feb.  1,  1884. 

Painter,  Jacob,  Lima,  Pa.  (23).     Died  in  1876. 

Painter,  Mlnsliail,  Lima,  Pa.  (7). 

Parker,  Wilbur  F.,  West  Meriden,  Conn.  (23).     Died  in  1876. 

Parkman,  Samuel,  Boston,  Mass.  (1).     Died  Dec.  15,  1854,  aged  38. 

Parsons,  Henry  B.,  New  York,  N.  Y.  (30).    Born  in  1855.    Died  Aug.  21, 

1885. 
Payn,  Charles  H.,  Saratoga  Springs,  N.  Y.  (28).    Born  May  16,  1814. 

Died  Dec.  20,  1881. 
Peirce,  B.  0.,  Beverly,  Mass.  (18).    Died  Nov.  12,  1883,  aged  71  years. 
Peirce,  Benjamin,  Cambridge,  Mass.  (1).    Born  April  4,  1809.     Died  Oct. 

6,  1880. 
Perkins,  George  R.,  Utica,  N.  Y.  (1).    Born  May  3,  1812.    Died  Aug.  22, 

1876.     . 
Perkins,  Henry  C,  Newburyport,  Mass.  (18).    Born  Nov.  13,  1804.    Died 

Feb.  2,  1873. 
Perry,  John  B.,  Cambridge,  Mass.  (16).    Died  Oct.  3,  1872,  aged  62. 
Perry,  M.  C,  New  York,  N.  Y.  (10). 
Phelps,  Mrs.  Almira  Hart  Lincoln,  Baltimore,  Md.  (13).     Died  July  15, 

1884,  In  her  91st  year. 
Phillips,  John  C,  Boston,  Mass.  (29).    Died  March  1,  1885,  aged  46  yrs. 

9  mos. 
Piggot,  A.  Snowden,  Baltimore,  Md.  (10). 
Piatt,  W.  G.,  Philadelphia,  Pa.  (32).     Died  Nov.  1886. 
Plumb,  Ovid,  Salisbury,  Conn.  (9). 
Pope,  Charles  A.,  St.  Louis,  Mo.  (12).    Born  May  15,  1818.    Died  July  6, 

1870. 
Porter,  John  A.,  New  Haven,  Conn.  (14).      Born  March  15,  1822.      Died 

Aug.  25,  1866. 
Potter,  Stephen  H.,  Hamilton,  Ohio  (30).     Born  Nov.  10,  1812.      Died 

Dec.  9,  1883. 
Pourtales,  Louis  Francois  de,  Cambridge,  Mass.  (1).    Born  In  1822.  Died 

July  18,  1880. 
Pruyn,  John  V.  L.,  Albany,  N.  Y.  (1).  Born  June  22,  1811.  Died  Nov.  21, 

1877. 
Pngh,  Evan,  Centre  Co.,  Pa.  (14). 
Pulslfer,  Sidney,  Philadelphia,  Pa.  (21).    Died  March  24,  1884. 
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Putnam,  Mrs.  F.  W.,  Cambridge,  Mass.  (19).    Born  Dec.  29,  1838.    Died 

March  10,  1879. 
Putnam,  J.  Duncan,  Davenport,  Iowa  (27).     Bom  Oct.  18,  1865.     Died 

Dec.  10,  1881. 

Reod,  Ezra,  Terrc  Haute,  Ind.  (20).    Died  in  1877. 

UedMeUI,  William  C,  New  Yorlc  (1).     Born  March  26,  1789,     Died  Feb. 

12,  1857. 
Rosor,  Jacob,  Cincinnati,  Ohio  (8).    Died  in  1871. 
liobb,  James,  Freclurlcton,  N.  B.  (4). 
Kobinson,  Coleman  T.,  Buffalo,  N.  Y.  (15). 
Bockwcll,  Jolin  A.,  Norwich,  Conn.  (10).      Born  August  27,  1803.    Died 

February  10,  18G1. 
Bogcrs,  Henry  1).,  Glasgow,  Scotland  (1).  Born  1809.  Died  May  29, 1866. 
Bogcrs,  James  B.,  Philadelphia,  Pa.  (1).    Born  February  22,  1803.    Died 

June  15,  1652. 
Kogors,  Robert  E.,  Philadelphia,  Pa.  (18).    Died  Sept.  7,  1884. 
liogcrs,  William  Barton,  Boston,  Mass.  (1).      Born  Dec.  7,  1804.     Died 

May  30,  1882. 
Boot,  Elihu,  Amlici*st,  Mass.  (25).    Boru  Sept.  14,  1845. 

Sager,  Abrnm,  Ann  Arbor,  Mich.  (6).     Born  December  22,  1810.     Died 

August  6,  1877. 
Sanders,  Benjamin  D..  Wellsburg,  W.  Va.  (19). 
Soliaemjr,  Goo.  C,  Washington,  D.  C.  (1).     Died  in  1873. 
Schley,  William.  Now  Yorlc,  N.  Y.  (28).     Died  in  1882. 
Scott,  Joseph,  Dunlmm,  C.  E.  ^H).     Died  in  1865. 
Seaman,  Etra  C,  Ann  Arbor,  Mich.  (20).    Born  Oct.  14,  1805.    Died  in 

his  741  h  year. 
Sentcr,  Harvey  S.,  Alodo.  III.  i^20).     Died  in  1875. 
Sewaixl,  William  H.,  Auburn,  N.  Y.  (,1).    Born  May  16,  1801.    Died  Oct. 

10,  1872. 
Shep|viix1«   William,   DnimmondvlUe,  Province  of  Quebec,  Can.    (11). 

Bom  in  l7Sa.     OkHi  In  1867. 
Sherwln,  Thomas,  IVnlham,  Mass-  (11).    Bora  March  26,   1799.     Died 

July  23,  IS(^>. 
SiUlman.  Bei\.lan»ln,  New  Haven,  Conn.  ^0-    ^<^^  August  S,  1779.    Died 

Xovomhor  22,  1n»4. 
Sllliman.  Beivianun,  New  Haven,  Conn,  <,!).    Born  Dec,  4,  1816.    Died 

Jan.  14,  ISS.V 
Skinner,  John  B..  Bnffalo,  N.  Y.  (15\    Died  in  ISTl, 
Slack,  J.  H.,  PhiljuUlphia,  Pa.  ,r2\ 
Smith.  Charles  .V..  St.  I.ouJs.  Mo.  ^2r^.     DuhI  in  1S>4. 
Smith,  Da\ia  P.,  SprinirtltUI.  Mass.  ^i^\     Born  Oct.  1.  1S30,    Died  Dec 

26.  1»0. 
Smith.  Mrs.  Krminnie  A.,  Jersey  City,  N.  J.  0*'^\    Died  June  9,  1S86. 


DECEASED   MEMBERS.  XClll 

Smith,  J.  Lawrence,  Louisville,  Ky.  (1).    Born  Dec.  16,  1818.    Died  Oct. 

12, 1883. 
Smith,  J.  v.,  Cincinnati,  Ohio  (5). 
Smith,  James  Y.,  Providence,  K.  I.  (9).    Born  September  16, 1809.    Died 

in  1876. 
Smith,  Lyndon  A.,  Newark,  N.  J.  (9).    Bom  November  11,  1796.     Died 

December  15,  1865. 
Snell,  Ebenezor  S.,  Amherst,  Mass.  (2).    Born  October  7,  1801.    Died  in 

September,  1877. 
Sparks,  Jared,  Cambridge,  Mass.  (2).    Born  May  10,  1789.    Died  March 

14,  18G6. 
Splnzig,  Charles,  St.  Louis,  Mo.  (27).    Died  Jan.  22,  1882. 
Stearns,  Josiah  A.,  Boston,  Mass.  (29). 
Stlmpson,  William,  Chicago,  III.  (12).    Died  May  26,  1872. 
Stone,  Samuel,  Chicago,  111.  (17).     Born  Dec.  6,  1798.    Died  May  4,  1876. 
St.  John,  Joseph  S.,  Albany,  N.  Y.  (28).     Died  Nov.  23,  1882. 
Sulllvant,  William  S.,  Columbus,  Ohio  (7).     Born  Jan.  15,  1803.      Died 

April  30,  1873. 
Sutton,  George,  M.D.,  Aurora,  Ind.  (20).    Died  June  18,  1886. 
Swain,  James,  Fort  Dodge,  Iowa  (21).    Born  in  1816.    Died  in  1877. 

Tallmadge,  James,  New  York,  N.  Y.  (1).     Born  Jan.  20,  1778.    Died  Oct. 

8,  1853. 
Taylor,  Arthur  F.,   Cleveland,   Ohio  (29).    Born  Dec.  10,   1853.    Died 

June  28,  1883. 
Taylor,  Richard  C,  Philadelphia,  Pa.  (1).     Born  January  18,  1789.    Died 

November  26, 1851. 
Tenney,  Sanborn,  Willlamstown,  Mass.  (17).  Born  in  January,  1827.  Died 

July  11,  1877. 
Teschemacher,  J.  E.,  Boston,  Mass.  (1).    Died  Nov.  9,  1853,  aged  68. 
Thompson,  A.  Kemsen,  New  York,  N.  Y.  (1).     Died  in  Oct.,  1879. 
Thompson,  Alexander,  Aurora,  N.  Y.  (1). 
Thompson,  Zadock,  Burlington,  Vt.  (1).    Bora  May  23,  1796.    Died  Jan. 

19,  1856. 
Thomson,  Henry  R.,  Crawfordsvllle,  Ind.  (30).     Died  in  1884. 
Thurber,  Isaac,  Providence,  R.I.  (9). 
Tillman,  Samuel  D.,  Jersey  City,  N.  J.  (16).    Died  In  1875. 
Tobin,  Thomas  W.,  Louisville,  Ky.  (30).    Died  Aug.  4,  1883. 
Todd,  Albert,  St.  Louis,  Mo.  (27).    Died  April,  1885,  aged  72  years. 
Tolderoy,  James  B.,  Fredericton,  N.  B.  (11). 
Torrey,  John,  New  York,  N.  Y.  (1).    Born  Aug.  15,  1796.    Died  March 

10,  1873. 
Torrey,  Joseph,  Burlington,  Vt.  (2).    Bom  Feb.  2,  1797.     Died  Nov.  26, 

1867. 
Totten,  Joseph  G.,  Washington,  D.  C.  (1).    Born  August  23,  1788.    Died 

April  22,  1864. 
Townsend,  Howard,  Albany,  N.  Y.  (10).    Died  in  1867. 


XCIV  DECEASED   MEMBERS. 

Townsend,  John  K.,  Philadelphia,  Pa.  (1). 

Towusend,  Robert,  Albany,  N.  Y.  (9).     Died  In  18G6. 

Troost,  Gerard,  Nashville,  Tenu.  (1).    Born  March  15,  1776.    Died  Ang. 

14,  1850. 
Tuome3s  Michael,  Tascaloosa,  Ala.  (1).     Born  September  29,  1805.    Died 

March  20,  1857. 
Tyler,  Edward  R.,  New  Haven,  Conn.  (1).     Died  Sept.  28,  1848. 

Vancleve,  John  W.,  Dayton,  Ohio  (1). 
Vanuxeni,  Lnrdner,  Bristol,  Pa.  (1). 

Vaux,  William  S.,  Philadelphia,  Pa.  (1).     Born  May  19,  1811.     Died  May 
6,  1882. 

Wadsworth,  James  S  ,  Genesee,  N.  Y.  (2).    Born  October  30,  1807.    Died 

May  8,  18C4. 
Wagner,  Tobias,  Philadelphia,  Pa.  (9). 
Wallver,  Joj^eph,  Oxford,  N.  Y.  (10). 
Walker,  Sears  C,  Washington,  D.  C.  (1).      Born  March  28,  1805.      Died 

January  30,  1853. 
Walker,  Timothy,  Cincinnati,  Ohio  (4).      Born  Dec.  1,  1802.    Died  Jan. 

15, 1856. 
Walsh,  Benjamin  D.,  Rock  Island,  III.  (17). 
Wanzer,  Ira,  Brooklield,  Conn.  (18).     Born  April  17,  1796.     Died  March 
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PROFESSOR  J.  P.  LESLEY, 

THE  RKTIRING  PRESIDENT  OP  THE  ASSOCIATIOX. 


Mt  Friends  :  I  have  the  honor  to  address  you  this  evening  as  an 
association  of  representatives  of  American  science  in  all  its  branch- 
es,— as  students  of  the  sky  and  all  its  elemental  forces,  of  the 
earth  and  all  its  mineral  constituents,  of  the  animal  and  vegetable 
kingdoms  in  their  past  and  present  ages,  of  the  history  and  con- 
stitution of  the  human  race, — and  I  may  be  easily  pardoned  for 
some  trepidation  in  view  of  the  draughts  you  may  have  drawn  in 
advance  on  my  slender  exchequer.  1  have  lain  awake  o'nights, 
like  my  predecessors,  reflecting  how  I  should  meet  ray  liabilities ; 
and  like  them,  no  doubt,  I  find  myself  poorer  than  when,  a  3'ear 
ago,  I  contracted  them.  You  would  scorn  to  receive  in  payment 
my  promissory  notes  or  mortgages  on  my  castles  in  Spain.  You 
will  accept  nothing  but  gold  and  silver,  in  bullion  or  in  coin ;  and 
that  is  what  troubles  me. 

There  were  once  halcyon  days  for  orators  :  the  world  of  knowl* 
edge  limited,  and  canopied  with  rosy  clouds  of  curious  speculation  ; 
the  birds  of  fancy  singing  in  every  bush  ;  the  dew  of  novelty  glit- 
tering on  the  fields.  Science  was  then  an  early  morning  stroll  with 
sympathetic  friends,  uncritical  and  inexpert,  to  whom  suggestions 
were  as  good  as  gospel  truths.  Then  such  a  reunion  as  this  to- 
night was  a  sort  of  picnic-party  at  some  picturesque  place  on  the 
shore  of  the  unknown,  hilarious  and  convivial. 

All  that  has  passed  away.  The  sun  of  science  now  rides  high 
in  heaven,  and  floods  the  earth  with  iiot  and  dusty  light.  What 
was  once  play  has  turned  to  serious  toil.  Shadows  are  short. 
Objects  present  themselves  in  well-defined  and  separated  shapes 
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for  critical  examination.  The  few  and  early  risers  have  become  a 
multitude.  The  tumult  of  occupations  distracts  the  studious  ob- 
server. No  one  lends  ear  to  chit-chat.  All  are  hurried.  Critics 
abound.  "Say  what  you  want,  and  go ;  or  tell  us  something  abso- 
lutely true  and  useful"  is  the  introduction  to  every  conversation. 
Morning,  noon,  and  night,  men  demand,  not  the  agreeable,  but  the 
necessary.  The  age  of  romance  in  science  is  part  of  the  forgotten 
past.  The  new  world  has  grown  gray-haired  in  fifty  years,  intoler- 
ant of  the  irresponsibility,  the  sportiveness,  the  poetry,  the  music, 
the  superstitions,  the  affections,  of  its  youth  ;  dealing  only  in  hard 
facts,and  in  their  causes  and  consequences  ;  weighing  and  measuring 
all  things  ;  analyzing  all  things  ;  collating,  comparing,  and  classi- 
fying ;  insisting  upon  investigation  at  all  points  ;  formulating  rigid 
laws ;  scoffing  at  the  unseen  and  unknowable ;  and  transmuting 
the  fear  of  God  and  the  hopes  of  heaven  into  a  zeal  for  the  exact 
determination  of  the  units  of  force,  and  a  confident  expectation  that 
railroads  will  soon  traverse  the  unoccupied  regions  of  the  earth, 
and  malleable  steel  replace  wood  in  the  mechanic  arts. 

You  represent  this  new  world,  grown  so  suddenly  old,  learned, 
utilitarian  and  critical.     Your  orators  have  a  hard  time  of  it. 

Am  I  to  be  the  mouthpiece  of  the  outside  world,  setting  forth 
in  order  what  it  has  expected  of  you  ;  its  praise ;  its  blame  ?  Nay, 
what  care  you  for  praise  from  uninspired  lips?  Or  what  care  you 
for  blame  from  the  vulgar  herd  who  comprehend  neither  your  pur- 
poses nor  your  methods  ? 

Am  I  to  be  your  mouthpiece  to  inform  this  outside  world  of 
what  the  community  of  science  which  you  partly  represent  has  been 
about  the  last  twelve  months,  giving  it  such  a  catalogue  of  facts 
discovered,  and  theories  established  or  improved,  that  it  shall  stand 
amazed,  and  bless  its  stars,  and  worship  ?  Then  this  address  would 
simply  be  a  grandiloquent  stage-aside  in  the  drama  of  this  meeting, 
and  no  address  to  you. 

Must  I  then  speak  to  you  as  a  fellow-worker  in  science,  con- 
tributing some  fresh  gift  to  our  common  stock  of  truths?  But 
that  would  be  better  done,  if  done  at  all,  by  reading  a  paper  on 
the  subject  in  the  section  to  which  I  properly  belong. 

I  did,  indeed,  hesitate  a  while  before  I  rejected  a  temptation  to 
discuss  before  you  this  evening  one  or  two  subjects  on  which  I  have 
reflected  for  many  years, —  for  instance  :  the  important  role  which 
the  chemical  solution  of  the  limestone  formations  has  played  in 
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the  grand  drama  of  the  topography  of  the  globe ;  the  absolute 
inconstancy  of  the  ocean-level ;  the  function  of  variable  deposition 
in  closed  basins  in  elevating  the  plane  at  which  coal-vegetation 
repeated  itself;  the.  influence  which  anticlinals  and  synclinals  en 
ecJielon  have  exercised  in  originally  directing,  and  afterwards  per- 
petually' shifting,  the  systems  of  river-drainage,  as  the  general 
surface  became  lower  and  lower  through  erosion  ;  the  extraordinary 
differences  in  the  amount  and  rate  of  erosion  in  different  parts  of 
the  same  region,  due  to  the  various  heights  and  shapes  of  the  plica- 
tions,—  but  a  deep  sense  of  insuflSciency  for  properly  handling 
such  great  subjects  deterred  me  from  the  attempt.  They  demand 
the  largest  treatment,  the  fullest  illustration,  and  the  long  coopera- 
tion of  many  minds.  All  the  great  transcendental  questions  of 
science  remain  open  to  research  ;  not  one  of  tliem  has  as  yet  been 
answered  satisfactorily ;  all  answers  have  been  premature,  and 
roost  of  what  has  been  published  for  such  seems  to  me  puerile ; 
yet  the  disposition  to  deal  in  transcendental  science  seems  to  grow 
daily  stronger.  There  are  no  laws,  however,  against  initiation 
into  Alpine  clubs.  If  men  choose  to  run  fatal  risks  for  notoriety, 
let  them  do  so,  in  the  name  of  all  that  is  chilly  and  unprofitable  ; 
but  let  them  not  pretend  that,  when  they  reach  the  summit  of  some 
Jungfrau  or  Matterhorn,  their  demon  of  adventure  shows  them  all 
the  kingdoms  of  the  world  of  science,  and  the  glory  of  it ;  for  in 
fact  the  inaccessible  sky  surrounds  them  still,  and  clouds  obstruct 
their  vision  in  every  direction.  I  have  no  fancy  for  such  mountain- 
climbing,  and  think  lightly  of  exploits  so  barren  of  results. 

I  seize  the  occasion  rather  to  awake  to  3'our  remembrance  some 
thoughts  of  common  interest,  which  the  multiplying  avalanches  of 
facts  and  theories  threaten  to  bury  out  of  sight,  as  the  pure  ice  of 
the  glacier  gets  covered  over  with  a  sordid  sheet  of  debris  per- 
petually tumbling  from  the  cliffs  between  which  it  flows. 

Consider  then,  first,  that  the  final  cause  of  a  glacier  is  not  to 
caiTy  moraines,  lateral  or  medial ;  that  these  are  mere  accidents  of 
its  existence ;  and  that,  were  it  endowed  with  intelligence,  it  would 
feel  little  interest  and  less  pride  in  the  heterogeneous,  variable, 
and  for  the  most  part/  useless  burden,  which  it  cannot  escape,  and 
throws  away  at  the  close  of  its  career.  Such  are  the  loads  of 
science  which  we  are  compelled  to  carry  forward,  through  life,  in  the 
forms  of  fact  and  theory ;  misshapen  accidental  droppings  upon 
us  from  our  local  surroundings ;  fragmentary  specimens  of  know!- 
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edge,  of  which  we  constract  our  confused  and  shapeless  heaps  of 
learning,  most  of  which  is  of  little  use  either  to  ourselves  or  to  the 
world.  The  life  of  the  glacier  is  an  elaboration  of  the  universal 
moisture  into  snow,  n6ve,  and  pure  ice,  by  a  slow  process  of  in- 
ternal constitution  ;  and  such  is  the  happ}'  destiny  of  the  true  man 
of  science,  worked  out  in  wisdom  of  character,  apart  from  all 
accidental  accumulations  of  learning,  and  mainly  irrespective  of 
them. 

Let  us  avoid  the  sacrifice  of  character  to  science.  As  the  saying 
of  Jesus  of  Nazareth  that  the  sabbath  was  made  for  man,  not  man 
for  the  sabbath,  has  rung  through  the  centuries  a  tocsin  of  alarm 
to  rouse  mankind  to  resist  ecclesiasticism,  so  let  the  warning  cry 
fill  the  air  of  our  association,  from  meeting  to  meeting,  that  science 
is  our  means,  and  not  our  end.  Self-culture  is  the  only  real  and 
noble  aim  of  life.  And  as  the  magnificence,  beauty,  and  utility  of 
a  glacier,  as  a  perpetual  reservoir  of  solid  moisture,  is  not  gauged 
•by  the  size,  arrangement,  or  constitutional  features  of  its  moraines, 
neither  is  the  greatness  and  usefulness  of  the  philosopher  measured 
by  his  amount  of  the  knowledge  of  the  physical  fact-and-theory 
science  of  the  times. 

Of  all  kinds  of  intellectual  greatness  the  greatest  is  achieved 
by  the  pliilosopher  who  stands  before  the  thinking  world  as  a 
model  of  scientific  virtue ;  deaf  to  flattery ;  insensible  to  paltry 
hostile  criticism  ;  patient  of  opposition  ;  dead  to  the  temptations 
of  self-interest ;  calmly  superior  to  the  misjudgments  of  the  short- 
sighted ;  whom  nothing  diverts  from  the  endeavor  to  live  nobly, 
and  to  whom  noble  means  are  as  indispensable  as  noble  ends  ;  in 
whom  the  most  brilliant  successes  foster  neither  vanity  nor  arro- 
gance ;  to  whom  fame  is  unimportant,  and  poverty  a  trivial  cir- 
cumstance ;  whose  joys,  like  fragrant  breezes  from  an  encircling 
landscape,  come  from  the  surrounding  friendship  of  the  general 
world,  to  whose  best  interests  the  noble  heart  is  forever  loyal. 

Another  subject  for  serious  reflection  is  the  over-accumulation 
of  scientific  information.  To  broach  it  before  such  an  assembly 
may  seem  to  require  some  apology.  Certainly  the  feeling  prevails 
that  the  world  cannot  have  too  much  science.  But  the  science  of 
learning  and  the  science  of  knowledge  are  not  quite  identical ;  and 
learning  has  too  often,  in  the  case  of  individuals,  overwhelmed  and 
smothered  to  death  knowledge.  The  average  human  mind,  ^en 
overstocked  with  information,  acts  like  a  general  put  in  command 
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of  an  army  too  large  for  him  to  handle.  Many  a  vaulting  seientifie 
ambition  has  been  thus  disgraced.  Nor  is  this  the  only  danger 
that  we  run  ;  for  the  accumulation  of  facts  in  the  treasury  of  the 
human  brain  has  a  natural  tendency  to  breed  an  intellectual 
avarice,  a  passion  for  the  piling-up  of  masses  of  facts,  6ld  and 
new,  regardless  of  their  uses.  In  the  great  game  of  our  spiritual 
existence,  facts  are  mere  counters  with  which  to  play  the  game. 
A  million  of  them  are  worth  nothing,  unless  the  player  knows  how 
to  play  well  the  game ;  and  when  the  game  is  over  the  worthless 
counters  are  swept  back  into  the  drawer.  And  the  danger  pursues 
us  to  higher  and  higher  planes  of  science.  Not  only  the  avarice 
of  facts,  but  of  their  explanations  also,  may  end  in  a  wealthy 
poverty  of  intellect  for  which  there  is  no  cure.  Even  the  sacred 
fires  of  research  may  be  allowed  to  burn  too  long,  until,  in  fact, 
they  turn  the  investigator  into  a  mere  miser  of  ideas.  As  for  those 
who  are  not  themselves  original  investigators,  but  busy  themselves 
incessantly  in  appropriating  the  secretions  of  research  at  second 
hand,  how  often  it  happens  that  the  richest  additions  of  reliable 
theories  to  the  stock  of  their  ideas,  even  to  a  point  where  they 
suppose  themselves,  and  are  supposed  by  others,  to  know  all  the 
conclusions  arrived  at  by  past  and  present  inquirers,  leave  them 
as  thinkers  just  what  they  were  at  first  —  incompetents  ;  mere  ill- 
hung  picture-galleries  ;  disarranged  museums  ;  complicated  inven- 
tions which  will  not  work  ;  costly  expeditions  for  discovery,  frozen 
fast  and  abandoned  in  the  polar  ice. 

A  certain  temperance  in  science  is  obligator^'  from  another  point 
of  view.  As  mere  wealth  of  possessions  cannot  guarantee  happi- 
ness, neither  can  a  superfluity  of  learning  insure  wisdom.  When 
the  body  from  overfeeding  grows  plethoric  its  vital  energies  subside 
and  its  life  is  endangered.  The  intellect  may  be  mischievously 
crammed  with  science.  How  much  we  know  is  not  the  best  ques- 
tion, but  how  we  got  what  we  know ;  and  what  we  can  do  with  it ; 
and  above  all  what  it  has  made  of  us.  The  tendency  of  training 
now  is  to  subordinate  the  soul  to  that  which  should  be  only  its 
endowment  and  adornment;  to  turn  the  thinker  into  a  mere  walk- 
ing encyclopedia,  text-book,  or  circle  of  the  mechanic  arts  ;  not 
to  produce  the  highest  type  of  man.  What  ridiculous  and  pitiable 
creations  are  these! — an  authority  in  physics  who  cannot  speak 
the  truth?  a  leader  in  natural  history  who  is  given  over  to  the 
torments  of  envy  ?  a  god  in  chemical  research  sick  of  some  false 
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quotation  ?  a  3'onthful  prodigy  of  mathematical  science  tottering 
with  unelastic  steps  and  outstretched  arms  to  grasp  his  future 
fame?  Yet  no  one  will  deny  that  the  intemperate  pursuit  of  any 
branch  of  science  has  a  tendency  to  produce  such  characters,  by 
elevating  to  undue  importance  the  individual  accumulation  of 
scientific  facts  and  scientific  theories,  to  the  neglect  and  deprecia- 
tion of  that  spirit  of  truth  which  alone  can  inspire  and  justify  an 
earnest  study  of  the  material  universe.  I  beg  you  to  reflect  that 
it  is  as  true  of  science  as  of  religion,  that  the  mere  letter  of  its 
code  threatens  its  devotee  with  intellectual  death ;  and  that  only 
by  breathing  its  purest  spirit  can  the  man  of  science  keep  his 
better  character  alive, —  that  indefinable  spirit  which,  in  its  intimate 
and  essential  nature,  has  little  to  do  with  the  number  of  facts  dis- 
covered, or  theories  accepted ;  a  spirit  which  merely  exercises 
itself  in  research,  and  accepts  discoveries  as  delightful  accidents ; 
a  spirit  which  walks  the  paths  of  science,  not  as  if  they  were  turn- 
pikes converging  upon  some  smoky  and  squalid  focus  of  toil-wearied 
population,  but  as  if  they  had  been  gravelled  and  flower-bordered 
for  it  through  some  princely  park ;  a  spirit  of  natural  and  culti- 
vated nobleness,  sweetened  by  boundless  friendship  for  the  world 
and  all  that  lives  therein  ;  just  and  true  to  all  men  worthy  or  un- 
worthy, proud  without  vanity,  industrious  without  haste,  stating 
its  own  griefs  as  lightly  as  an  angel  might,  and  generously  bring- 
ing help  to  the  discouraged  and  forlorn.  In  every  one  of  us  there 
is  this  genius,  if  we  did  but  know  it ;  and,  as  Emerson  well  says, 
the  moral  is  the  measure  of  its  health. 

I  have  been  saying,  then,  that  we  should  pursue  science,  like 
any  other  business  of  this  life,  with  a  distinct  and  unwavering 
intention  to  ennoble  our  own  characters.  It  were  a  trite  addition 
to  propose  that  the  pursuit  be  made  ancillary  to  the  public  good. 
"The  love  of  science"  is  a  phrase  which  has  been  greatly  glorified 
in  popular  discourse ;  and  if  the  phrase  be  confined  to  its  true 
meaning  —  a  zealous  admiration  for  all  that  is  beautifully  true  and 
useful  in  nature —  it  ca'nnot  harm  us  in  the  practice  of  our  pro- 
fession. 

But  when  the  imagination  has  exhausted  itself  in  transcendental 
ecstasies  over  an  ethereal  sentiment  so  named,  but  undescribed 
except  in  poetry,  what  wiser  or  better  thing  is  left  to  say  of  any 
branch  of  physical  or  natural  science  cultivated  by  our  association 
than   that   its  votaries  are  knowingly  or  unknowingly  bettering 
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the  condition  and  character  of  mankind  ?    Every  advancement  in 
science  is  of  its  own   nature  an   improvement  of  the  common- 
wealth.    Every   successful   study  of  the   laws  of  the   world  we 
inhabit  inevitably  brings  about  a  more  intelligent  and  victorious 
conflict  with  the  material  evils  of  life,  encouraging  thoughtfulness, 
discouraging  superstition,  exposing  the  folly  of  vice,  and  putting 
the  multitudes  of  human  society  on  a  fairer  and  friendlier  footing 
with   one  another.     The  arts  of  philanthropy  are  therefore  as  di- 
rect an  outcome  of  science  as  is  the  lighting  of  the  public  streets, 
or  the  warming  of  our  homes.     Cruelty  and  shame  are  products 
of  the  night.    The  daylight  is  a  friend  to  friendliness.    The  prog- 
ress of  civilization  and  the  progress  of  science  are  alike  typified 
by  the  progressively  brilliant  and  general  illumination  of  cities. 
80,  in  old  times,  human  sacrifices  and  piracy  ceased  wherever  the 
worship  of  the  Tyrian  Melcarth  yielded  place  to  the  philosophy, 
belles-lettres,  and  fine  arts  of  the  genial  and  beautiful  Delphic 
Apollo,  the  civilizer,  the  far  shiner,  the  sun  of  Grecian  righteous- 
ness, whose  initiated  became  the  educators  of  the  modern  world. 
And  yet  these  two  magic  words,  "initiation,"  "education,"  have 
meanings  directly  the  reverse  of  one  another, —  the  one  a  going  in 
to  learn  the  secrets  of  esoteric  doctrine,  unsafe  for  publication 
because  immature ;  the  other  a  being  led  out  from  ignorance  to 
knowledge,  from  helplessness  to  the  active  performances  of  life. 
The  idea  of  universal  education  is  wholly  modern  ;  in  fact,  a  prod- 
uct of  the  century  in  which  we  live.     It  is  democracy  in  the 
world  of  intellect.     It  is  the  doctrine  of  equal  human  rights  ap- 
plied to  the  possessions  of  the  human  brain.     It  is  the  apotheosis 
of  common  sense.     It  demands  the  distribution  of  knowledge  in 
adequate  quantity  and  quality  to  all  who  live  and  all  who  are  to 
live  upon  the  earth.     How  this  is  to  be  accomplished  is  the  greatest 
of  the  questions  of  the  day  ;   and  it   especially  concerns  us  as 
members  of  an  association  for  the  advancement  of  science. 

I  do  not  intend  to  discuss  the  subject,  to  define  the  quantity 
and  quality  of  knowledge  adequate  for  the  various  classes  of  human 
Bociet}',  or  to  propose  any  plans  fgr  its  distribution.  All  I  wish 
to  say  about  it  is,  that  it  seems  to  me  that  nature  limits  the  respon- 
sibilities of  teachers  and  the  rights  of  learners  more  narrowly  than 
is  commonly  supposed.  The  parable  of  the  sower  is  a  good  ref- 
erence for  explanation.  Most  of  the  surface  of  the  globe  is  good 
for  little  else  than  cattle-ranches  or  sheep-farms ;  and  the  large 
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majority  of  mankind  must,  in  all  ages,  be  satisfied  with  the  mere 
rudiments  of  learning:  what  they  want  is  unscholastic  wisdom 
with  whicli  to  fight  the  fight  of  life,  and  they  must  win  it  for  them- 
selves. Only  a  limited  number  of  persons  in  any  community  can 
acquire  wealth  of  knowledge ;  and  the  only  thought  on  which  I 
wish  to  insist  is  this :  these  few  must  also  get  it  for  themselves, 
and  moreover  must  work  hard  for  it. 

It  is  a  hackneyed  aphorism,  that  there  is  no  royal  road  to  knowl- 
edge, although  an  incredible  amount  of  pains  has  been  taken  to 
make  one.  Nature,  in  this  affair,  as  usual,  has  been  a  good  wise 
mother  to  us  all ;  for  it  is  not  desirable  to  make  the  acquisition  of 
knowledge  easy  ;  for  the  main  point  in  scientific  education  is  to 
secure  the  highest 'activity  of  the  human  mind  in  the  pursuit  of 
truth  ;  an  activity  tried  and  discipline^  by  hardship,  and  nourished 
on  hardy  fare.  The  quantity  of  food  is  of  less  importance  ;  every- 
thing depends  on  establishing  a  good  constitutional  digestion. 
The  harder  the  dinner  is  to  chew,  the  stronger  grows  the  eater. 
Canned  science,  as  a  steady  diet,  is  as  unwholesome  for  the  grow- 
ing mind  as  canned  fruits  and  vegetables  for  the  growing  body. 
The  wise  teacher  imitates  the  method  of  nature,  who  has  but  one 
answer  for  all  questions  :  ''Find  it  out  for  yourself,  and  you  will 
then  know  it  better  than  if  1  were  to  tell  you  beforehand." 

But  who  can  be  a  wise  teacher  who  has  not  been  wisely  taught? 
The  spirit  of  this  scientific  age  favors  a  universal  manufacture  of 
condensed  milk  to  ease  and  cheapen  the  toil  of  bringing  up  its 
infants.  It  finds  the  bottle  of  literature  more  convenient  than  the 
breast  of  nature.  It  prefers  a  large  familj^  of  puny  children  to 
a  few  young  heroes.  The  stalwart  ancients  exposed  their  unfit 
oft'spring  to  the  wolves  ;  we  moderns  exhaust  the  resources  of  art 
to  preserve  their  worthless  and  painful  lives. 

This  is  the  spirit  which  invents  a  thousand  futile  plans  for  com- 
pacting the  universe  to  a  size  so  small,  and  a  shape  so  simple,  that 
it  can  be  grasped  without  much  effort  b}'  the  tiniest  and  feeblest 
hands.  Will  it  be  an  unpardonable  crime  for  me  to  say  that  I  rec- 
ognize the  same  spirit  in  the  present  popular  rage  for  an  over- 
classification,  unification,  and  simplification  of  science ;  for 
ultra-symmetrical  formulae,  and  excessive  uniformity  in  nomen- 
clature ;  with  an  avowed  reference  to  ease  of  learning  and  con- 
venience of  teaching,  the  saving  of  time  in  the  acquisition  of  facts, 
and  the  diminution  of  brain-waste  in  collating  them  for  use ;  in 
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one  word,  to  the  making  of  science  easy,  in  despite  of  theinexorable 
decree  of  nature  that  it  always  shall  be  and  always  ought  to  be 
difficult?    For  the  genius  of  the  creation  is  visibly  hostile  to  that 
uniformity,  symmetry,  and  orderly  simplicity  which  the  text-book 
endeavors  to  establish.     No  logical  consistency   for  her!     No 
stiffening  of  the  fact-producing  energies  into  fact-formularies  will 
she  endure.     Hardly  has  a  manual  issued  from  the  press  but  it  is 
mutilated  by  her  puckish  fingers.     No  sooner  has  some  school  of 
theorists  erected  a  stately  structure  in  simple  grandeur  than  it  is 
sbattered  by  the  lightning  of  a  new  revelation.     There  is  no  rest, 
no  peace,  in  our  believing.     Our  libraries  contain  little  else  than 
such  spoiled  palimpsests ;  the  broad  fields  of  science  are  covered 
with  such  ruins ;  and  those  who  have  grown  old  in  travelling  far 
and  wide  across  them  would  find  little  cause  for  singing  paeans  to 
the  exploits  of  science  were  it  not  for  the  fact  that  the  function  of 
science  is  not  to  organize  nature,  but  by  the  laborious  study  of 
nature  to  organize  the  human  mind,  and  inform  it  with  the  very 
genius  of  nature,  original,  un symmetrical,  indefiable,  un classifiable, 
changing  its  attitudes  and  operations  every  instant,  and  escaping 
easily  from  all  the  toils  of  scholastic  unification  which  we  spread 
for.it.     The  work  of  the  student  cannot  be  simplified,  cannot  be 
made  eas}^  if  it  is  not  to  fail  in  its  great  purpose  the  production 
of  a  genuine  man  of  science.     The  foolish  nurse  thinks  it  her  duty 
to  carry  the  child  always  in  her  arms :  but  the  test  of  a  good  edu- 
cation is  the  ability  of  the  child  to  carry  its  nurse :  and  this  it  can 
only  attain  to  through  the  discipline  of  toil ;  toil  which  at  first 
conceals  itself  under  the  gracious  guise  of  sports,  gymnastics  and 
adventures,  and  afterwards  takes  the  shape  of  experimental  failures 
and  useless  constructions,  but  all  as  free,  untutored,  and  original 
as  the  laughing,  wasteful,  and  ungovernable  pranks  of  nature.  But 
I  have  followed  long  enough,  perhaps  you  will  think  too  long,  this 
train  of  thought :  let  me  suggest  another. 

It  is  a  familiar  fact  that  great  discoveries  come  at  long  intervals, 
brought  by  specially  commissioned  and  highly  endowed  messen- 
gers ;  while  a  perpetual  procession  of  humbler  servants  of  nature 
arrive  with  gifts  of  lesser  moment,  but  equally  genuine,  curious 
and  interesting  novelties.  The  excitement  of  the  pageant  inca- 
pacitates us  for  reasoning  rightly  on  its  meaning.  From  what 
unknown  land  does  all  this  wealth  of  information  come ;  who 
are  these  bearers  of  it ;  and  who  intrusted  each  with  his  particu- 
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lar  burden,  which  he  carries  aloft  as  if  it  deserved  exclusive 
admiration?  Why  do  those  who  bring  the  best  things  walk  so 
seriously  and  modestly  along,  as  if  they  were  in  the  performance 
of  a  sacred  duty  for  which  they  scarcely  esteem  themselves  worthy ; 
while  those  who  have  little  to  show,  or  things  of  inferior  or  doubt- 
ful value,  strut  and  grimace  magnificently,  as  if  they  felt  them- 
selves the  especial  favorites  of  nature,  push  to  the  front,  speak 
loudly  to  the  multitude,  and  evidently  deem  themselves  entitled 
to  uncommon  honors? 

In  this  procession  of  science,  in  this  interminable  show  of  dis- 
covery, two  facts  arrest  attention  :  first,  the  eager  gaze  of  expecta- 
tion which  the  crowd  of  lookers-on  direct  towards  the  quarter 
from  which  the  procession  comes,  and  their  unaccountable  indiffer- 
ence to  what  has  already  passed ;  and  secondly,  the  wonderful 
disappearance,  the  more  or  less  sudden  vanishing  out  of  the  very 
hands  of  the  carriers,  of  a  large  majority  of  the  facts  and  theories 
of  which  they  make  so  pompous  an  exposure ;  few  of  them  how- 
ever seeming  to  be  aware  that  thereby  they. have  lost  their  right 
to  participate  in  the  pageant,  and  should  retire  from  it  into  the 
throng  of  spectators,  at  least  until  good  fortune  should  take  pity 
on  them  and  drop  some  new  trifle  at  their  feet  to  soothe  their 
wounded  vanity. 

You  will  not  suspect  me  of  depreciating  the  value  of  any  real 
discovery,  be  it  merely  the  finding  of  a  Californian  bird  on  the 
shore  of  Massachusetts  Bay,  or  detecting  with  the  naked  eye  the 
blazing  of  a  variable  star  before  any  telescope  had  noticed  it,  or 
finding  some  Hadrosaurus  bones  in  a  New  Jersey  marl  pit,  or  a 
Faradoxides  at  the  Quincy  quarries?  Such  accidents  have  all  the 
importance  of  trumpet-notes  sounding  to  boots  and  saddle.  But, 
after  all,  the  trumpeter  is  only  a  trumpeter,  although  he  may 
imagine  himself  the  colonel  of  the  regiment,  or  a  general  in  the 
army.  And,  indeed,  it  has  happened  that  to  such  accidents  science 
has  owed  some  of  her  best  physicists  and  naturalists.  But  it  was 
not  these  their  first  and  therefore  most  enjo^'able  discoveries  that 
made  them  what  they  afterwards  became ;  nor  had  they  at  the 
outset  even  the  right  to  an  opinion  on  the  value  of  their  finds. 
Years  of  strenuous  and  unrenowned  exertion  had  to  follow,  in 
which  they  published  little  or  nothing  new,  but  gathered  up  the 
old,  and  rediscovered  by  experiment  and  observation  what  the 
records  of  the  past  preserved. 
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What  I  deprecate  is  the  claim  to  special  attention  made  by  in- 
perienced  stamblers  on  forgotten  or  unnoticed  facts,  remarkable 
or  otherwise,  on  the  sole  ground  of  the  discovery.  I  deprecate 
the  folly  of  the  3'onth  who,  because  he  has  found  a  spear,  leaps 
into  the  empty  chariot  of  Achilles  and,  calling  on  the  Grecian  host 
to  follow  him,  lashes  the  horses  for  an  immediate  attack  on  Troy ; 
nor  finds  it  out  until  he  is  half  way  across  the  plain  that  he  rides 
alone  and  to  destruction.  I  feel  no  admiration,  no  respect,  for 
the  audacity  with  which  our  young  recruits  of  science  rush  unpan- 
oplied  into  the  thick  of  .a  discussion  involving  the  greatest  thinking 
of  the  age.  The}'  act  like  animals  at  a  conflagration.  I  hear  on 
all  sides  a  noisy  tumult  of  untrained  intellects.  Shall  such  themes 
as  the  nebular  h3'pothesis,  the  probable  solidity  or  fluidity  of  our 
planet,  the  metamorphosis  of  rocks,  the  origin  of  serpentine  or 
petroleum,  the  cause  of  foliation,  the  stable  or  unstable  geographi- 
cal relationships  of  continent  to  ocean,  the  probable  rate  of  ge- 
ological time,  the  conditions  of  climate  in  the  ages  of  maximum 
Ice,  the  probable  centres  of  life-dispersion,  the  unity  or  multiplicity 
of  the  human  race,  the  evolution  of  species,  be  babbled  over  by 
men  the  amount  of  whose  efficient  work  in  any  branch  of  science 
is  measurable  with  a  foot-rule  ;  while  those  whose  entire  lives  have 
been  but  one  exhausting  struggle  with  the  shapes  which  people 
the  darkness  of  science  speak  with  bated  breath  and  downcast  eyes 
of  these  great  m3'steries  ? 

There  is  a  shibboleth  by  which  tyros  in  science  can  always  be 
detected, —  their  habitual  employment  of  the  words  "doubtless," 
"certainly,"  and  "demonstrated."  To  their  inexperience  of  the 
universality  of  error  every  new  statement  in  print  over  a  name 
noted  in  science  reads  like  a  revelation  of  the  absolute ;  and  every 
conclusion  at  which  they  themselves  arrive,  after  a  more  or  less 
superficial  study  of  the  limited  number  of  facts  which  accident  has 
given  them  the  opportunity  to  observe,  seems  a  conclusion  too  real 
to  be  impugned.  I  love  the  remembrance  of  my  youth,  but  T7 
regret  its  dogmatic  impertinences.  Young  votaries  of  science 
draw  their  inspiration  from  the  maxim  which  best  suits  them, — 
'•try  the  value  of  old  truths  by  new  discoveries."  The  veterans  of 
science  reverse  the  rule,  and  test  all  new  discoveries  by  a  world  of 
half-forgotten  facts  and  well-established  principles.  The  advance- 
ment of  science  is  accomplished  by  the  push  and  pull  of  these  two 
ruling  motives.     No  science  were  possible  if  the  aged  could  sup- 
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press  the  j'outhful,  or  the  youthful  coiild  extirpate  the  aged.  But 
as  surely  as  the  agnosticism  of  age  is  a  witness  to  the  weariness 
of  fruitless  speculation,  so  surely  the  confidence  of  j'outh  that 
every  movement  must  of  necessity  be  forward  is  a  proof  of 
insufflciencj\ 

Let  the  military  art  instruct  us.  The  raw  recruit  is  satisfied  if 
old  BliJcher  waves  his  sword  shouting  Vorwarts  1  But  the  sobered 
veteran  is  prepared  to  see  in  fiank  movements,  in  retreats,  in  halts 
and  intrenchments,  steps  of  the  campaign  as  necessary  as  any 
charge  at  double-quick  on  hostile  lines,  or  a  steady  march  in  column 
into  the  enemy's  country.  Let  us  suppose  that  in  the  last  twelve- 
month not  one  surprising  discovery  in  any  region  of  the  globe  has 
been  made ;  that  a  hundred  previously  reported  facts  have  been 
examined  and  pronounced  untrue ;  a  hundred  printed  memoirs, 
widely  read  and  criticised,  been  proved  mistaken  or  absurd  ;  a 
hundred  long-accepted  generic  or  specific  names,  fossil  or  recent, 
have  been  expunged  from  the  lists  ;  and  that  others,  like  Halysites 
cntenulata^  or  Spirifer  dlsjuncta^  have  lost  their  characteristic 
values ;  suppose  any  amount  of  doubt  to  have  been  thrown  upon 
any  number  of  popularly  accei)ted  theories,  by  failures  in  applying 
them  to  practice,  like  the  theory  of  the  anticlinal  location  of  gas- 
wells  ;  in  a  word,  suppose  any  amount  of  smashing  in  any  depart- 
ment of  the  great  crockery-shop  of  transcendental  or  applied 
science, —  what  does  it  imply  but  a  tendency  of  all  inquiry,  ob- 
servation, investigation,  and  experiment  towards  the  betterment, 
which  is  the  onl}^  true  advancement,  of  science?  As  in  the  animal 
kingdom  the  peaceful  kinds  are  offset  and  held  in  check  by  analo- 
gous carnivores,  for  fear  of  over-population  ;  so  in  the  world  of 
thought  the  constructive  theorists  are  perpetually  preyed  upon  by 
a  corresponding  class  of  natural  enemies,  the  destructive  critics, 
which  keeps  the  field  open  and  the  air  sweet.  The  destruction  of 
eflfete  knowledge  is  the  perennial  birth  of  that  science  which  cannot 
be  destroyed.  But  in  recognizing  this  fact  we  should  remember 
that  there  is  a  science  of  items  and  a  science  of  fundamentals,  which 
bear  a  relation  to  each  other  like  that  which  subsists  between  the  in- 
dividuals of  a  species  and  species  per  se;  and  that  an  indefinite  mul- 
tiplication of  individuals  may  go  on  without  any  visible  modification 
of  their  specific  character.  The  population  of  Europe  has  grown 
in  the  last  century  from  a  hundred  and  fifty  to  three  hundred  and 
twenty  millions  of  souls ;  but  they  are  the  same  Teutons,  Celts, 
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and  Sclaves  as  ever.    On  the  other  hand,  the  curve  of  population 
for  France  is  almost  a  horizontal  straight  line ;  but  their  national 
advancement  has  been  phenomenal.     What  I  wish  to  illustrate  is 
this  evident  truth,  that  not  by  the  mere  increment  in  number  of 
facts  learned,  not  by  the  mere  multiplication  of  discoverers,  teach- 
ers and  students  of  those  facts,  but  by  the  elevation  of  our  aims, 
by  the  enlargement  of  our  views,  b}'  the  refinement  of  our  methods, 
by  the  ennoblement  of  our  personalities,  and  by  these  alone  can 
we  rightly  discover  whether  or  not  our  association  is  fulfilling  its 
destiny  by  advancing  science    in    America.    If,   unhappily,  our 
meetings  should  rather  tend  to  cultivate  a  love  for  bric-a-brac  in 
science,  if  the   stimulation   and  gratification   of  a  quasi-animal 
curiosity  for  scientific  novelties   be  fostered,  if  our  discussions 
should  become  hot-beds  of  a  more  vigorous  vegetation  of  personal 
vanity,  intellectual  pugnacity,  lust  for  notoriety,  literary  jealousies, 
conceited  reclamations,  pettj*  ambitions,  or  pecuniary  schemes, 
how  is  our  day  and  generation  to  be  benefited  or  improved  ?  If  our 
attention  become  restricted  to  the  details  of  the  creation,  and  to 
the  smaller  manoeuvres  of  the  forces  of  nature  ;  or  if,  on  the  other 
hand,  we  become  habituated  in  the  indulgence  of  vague  generaliza- 
tions, suggestions  of  possible  theories,   and  half-completed  or 
merely  sketched  and  outlined  hypotheses, —  how  are  we  ourselves, 
as  workers  of  science,  to  escape  deterioration  ? 

I  cannot  shake  off  a  suspicion  that  we  talk  and  write  too  much  ; 
that  the  whole  world  talks  too  much  ;  and  that  the  golden  time  for 
silence  is  precisely  then  when  we  come  together  to  talk.  Were 
each  of  us  to  utter  only  what  he  absolutely  knows,  what  he  is  quite 
sure  of,  what  he  has  unimpeachable  facts  in  sufiScient  number  to 
confirm, —  what  a  sudden  illumination  would  overspread  our  meet- 
ings, glorifying  our  science,  and  re-inspiring  us  all !  But  I  turn 
from  the  Utopian  fancy,  and  invite  your  attention  to  a  very  different 
theme. 

There  is  a  topic  which  I  think  should  be  frequently  considered 
by  all  who  engage  in  scientific  pursuits ;  and  by  none  so  earnestly 
as  by  those  who  are  ambitious  to  reach  the  higher  points  of  view 
from  which  to  survey  and  describe  those  systematic  combinations 
of  phenomena  which  are  more  or  less  panoramic :  I  allude  of  course 
to  generalizers  or  discoverers  of  natural  laws,  and  the  professional 
teachers  of  such  laws ;  while  those  who  deal  in  itemized  science, 
the  mere  observers  of  isolated  facts,  discriminating  specimens  and 
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naming  genera  and  species  of  the  animal,  vegetable  or  mineral 
worlds,  and  especially  such  as  occupy'  themselves  with  geographical 
and  geological  studies  in  detail,  stand  in  less  need  of  having  it 
pressed  upon  their  attention,  because  in  their  case  it  insists  upon 
its  own  necessity. 

I  allude  to  what  is  technically  known  among  experts  as  '^dead« 
work." 

This  topic  has  to  be  treated  in  the  most  prosaic  style.  To  de* 
scribe  dead- work  is  to  narrate  all  those  portions  of  our  work  which 
consume  the  most  time,  give  the  most  trouble,  require  the  greatest 
patience  and  endurance,  and  seem  to  produce  the  most  insignificant 
results.  It  comprises  the  collection,  collation,  comparison  and 
adjustment,  the  elimination,  correction  and  re-selection,  the  cal- 
culation and  representation  —  in  a  word,  the  entire  first,  second, 
and  third  handling  of  our  data  in  any  branch  of  human  learning, — 
wholly  perfunctory,  preparatory,  and  mechanical,  wholly  tentative, 
esperimental,  and  defensive, —  without  which  it  is  dangerous  to 
proceed  a  single  stage  into  reasoning  on  the  unknown,  and  futile 
to  imagine  that  we  can  advance  in  science  ourselves,  or  assist  in 
its  advancement  in  the  world.  It  is  that  tedious,  costly,  and  fatigu- 
ing process  of  laying  a  good  foundation,  which  no  eye  is  ever  to 
see,  for  a  house  to  be  built  thereon  for  safety  and  enjoyment,  for 
public  uses  or  for  monumental  beauty.  It  is  the  labor  of  a  week 
to  be  paid  for  on  Saturday  night.  It  is  the  slow  recruiting,  arming, 
drilling,  victualling,  and  transporting  of  an  entire  army  to  secure 
victory  in  one  short  battle.  It  is  the  burden  of  dead  weight  which 
every  great  discoverer  has  had  to  carry  for  years  and  years,  unknown 
to  the  world  at  large,  before  the  world  was  electrified  by  his  ap- 
pearance as  its  genius.  Let  us  examine  it  more  closely :  it  will 
repay  our  scrutin}'.  Those  of  j'ou  who  have  been  more  or  less 
successfully  at  work  all  your  lives  may  get  some  satisfaction  from 
the  retrospect ;  and  those  who  have  commenced  careers  should  hear 
what  dead- work  means,  what  its  uses  are,  how  indispensable  it  is, 
how  honorable  it  is,  and  what  stores  of  health  and  strength  and 
hajipiness  it  reserves  for  them. 

My  propositions,  then,  are  these:  1^.  That  without  a  large 
amount  of  this  dead-work  there  can  be  no  discovery  of  what  is 
rightly  called  a  scientific  truth.  2°.  That  without  a  large  amount 
of  dead-work  on  the  part  of  a  teacher  of  science  he  will  fail  in  his 
efforts  to  impart  true  science  to  his  scholars.    d°.  That  without 
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a  large  amount  of  dead-work  no  professional  expert  can  properly 
serve,  much  less  inform  and  command,  his  clients  or  employers. 
41°.    That  nothing  but  an  habitual  performance  of  dead-work  can 
.keep  the  scientific  judgment  in  a  safe  and  sound  condition  to  meet 
emergencies,  or  prevent  it  from  falling  more  or  less  rapidly  into 
decrepitude  ;  and  5°,  That  in  the  case  of  highly-organized  thinkers, 
disposed  or  obliged  to  exercise  habitually  the  creative  powers  of 
the  imagination,  or  to  exhaust  the  will-power  in  frequently  recur- 
ring decisions  of  difficult  and  doubtful  questions,  dead-work,  and 
plenty  of  it,  is  their  only  salvation  ;  nay,  the  most  delicious  and 
refreshing  recreation  ;  a  panacea  for  disgust,  discouragement  and 
care  ;  an  elixir  vitse  ;  a  fountain  of  perpetual  youth. 

In  expanding  these  propositions,  I  would  illustrate  them  in  some 
such  homely  ways  as  should  make  them  seem  near  and  familiar 
principles  of  conduct ;  and  of  course  I  can  only  do  this  out  of  the 
experience  of  my  own  life,  and  from  observation  of  what  has  hap- 
pened in  the  limited  sphere  of  one  department  of  scientific  inquiry ; 
but  that  should  suffice,  seeing  that  work  is  work,  and  science 
science,  however  various  may  be  minds  and  their  pursuits. 

First,  then,  is  it  so  that  scientific  truths  cannot  be  discovered 
without  a  large  amount  of  preliminary  dead-work  ?  Surely  no  one 
in  this  assembly  doubts  it  who  has  established  even  one  original 
theory  for  himself,  or  won  for  it  the  suffrages  of  judges  capable  of 
weighing  evidence.  Now,  the  immense  disproportion  in  numbers 
between  theories  broached  and  theories  accepted  is  the  best  proof 
we  could  have,  not  only  of  the  value  and  necessity  of  dead-work, 
but  of  the  scarcity  of  those  who  depend  upon  it  as  a  preparatory 
stage  of  theorizing.  And,  moreover,  not  theories  only,  but  simple 
statements  of  fact  believed  and  disbelieved,  that  is,  finally  accepted 
or  finally  rejected,  exhibit  the  like  numerical  disproportion,  and 
betray  a  general  carelessness  or  laziness  of  observers ;  at  all  events, 
their  manifest  lack  of  appreciation  of  the  value  and  necessity  of 
the  dead-work  part  of  observation  which  imperatively  must  precede 
any  clear  mental  perception  of  the  simplest  phenomenon,  before 
the  attempt  is  made  to  establish  its  natural  relationships,  and  pre- 
sent it  for  acceptance  as  a  part  of  science. 

A  geologist  travels  far  to  collect  fossils  at  a  particularly  good 
locality,  stops  there  a  day  or  two,  fills  his  valise,  and  returns  to 
publish  a  paper  on  it.  What  is  his  paper  worth  ?  Were  he  first  to 
spend  a  week  in  making  himself  acquainted  with  the  whole  vicinity, 
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a  second  week  in  making  measured  sections  of  all  the  cognate  out- 
crops in  the  neighborhood,  a  third  week  in  carefully  differentiating 
the  specific  horizons,  and  a  fourth  week  in  verifying  their  reliability, 
and  in  correcting  his  first  mistakes,  then,  surely,  whatever  labor  he 
should  afterwards  expend  upon  his  collection  of  life-forms  would 
have  its  full  value  ;  and  any  paper  he  might  write  would  be  an  im- 
portant contribution  to  his  branch  of  science. 

I  have  known  men  settle  to  their  own  satisfaction  some  of  the 
greatest  problems  in  geology  by  a  flying  reconnoissance ;  triumph- 
antly overturning  a  mass  of  accumulated  science  slowly  brought  to 
demonstration  by  many  years  of  conscientious  dead-work,  which 
they  did  not  seem  to  think  it  worth  their  while  to  verif}'.  1  have 
known  men  reclassify  the  elements  of  a  geological  system  by  a 
few  sections,  not  a  single  one  of  which  was  properly  measured  by 
them,  or  could  be  properly  put  on  paper  in  a  graphic  form  for 
precise  comparison.  I  have  known  men  make  what  they  called  a 
geological  map,  without  ha\ing  run  a  single  instrumental  line 
themselves ;  with  every  outcrop  inaccuratel}'  placed ;  with  only 
here  and  there  an  accidental  note  of  strike  and  dip,  and  even  this 
not  oriented  with  a  close  approximation  to  precision  ;  covering  a 
region  requiring  the  study  of  man}'  months,  with  a  few  weeks  of 
what  they  fondly  called  field-work ;  and  basing  on  such  a  map 
generalizations  of  the  first  rank,  for  which  they  expected  the  world 
of  science  to  give  them  credit ;  which  in  the  long  run  it  certainly 
will,  but  not  the  kind  of  credit  they  anticipate. 

Now,  the  experience  of  a  long  and  active  life  of  science  has 
trained  me  to  regard  all  such  work  as  careless  work,  lazy  work. 
Not  that  such  workers  are  lazy  men  in  the  common  meaning  of  the 
word  ;  on  the  contrary,  they  are  busy,  bustling,  active,  energetic, 
indefatigable  men ;  in  fact,  too  much  so.  In  science,  there  is  a 
laziness  of  quite  another  definition  ;  namely,  a  chronic  dislike,  a 
deep-seated  disability,  for  the  dead-work  which  first  disciplines  to 
accuracy,  then  makes  patient  and  cautious,  and  finally  bestows  the 
clearest  intelligence  and  largest  comprehension  of  phenomena. 
And  this  fatal  laziness  is  fostered  by  a  strange  misunderstanding, 
a  fancy,  sometimes  a  downright  conviction,  that  the  dead-work  of 
science  can  be  done  for  us  by  some  one  else,  so  as  to  save  our  time 
and  strength  for  speculation,  for  thought,  for  fine  writing ;  can  be 
done  by  menials,  employes,  assistants,  colleagues,  special  ex- 
perts,—  by  any  one  rather  than  by  ourselves.    Can  we  not  in  fact 
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often  find  it  already  done  for  us,  and  even  better  done  than  we 
ooald  do  It?  Then,  why  not  let  inferior  minds  occupy  themselves 
with  this  laborious  and  time-consuming  address  of  special  skill? 
Can  we  not,  for  instance,  hire  transit-men  to  lay  oat  and  measure 
oar  sections,  and  artists  to  draw  them?  Why  should  a  paleontol- 
ogist take  the  pencil  between  his  own  fingers  in  studying  species, 
when  he  has  trained  pjiotographers  and  lithographers  at  his  com- 
mand? Why  waste  precious  weeks  and  months  in  tramping  and 
climbing,  in  measuring  and  plotting,  while  glory  calls  us,  and  the 
scientific  world  is  impatiently  waiting  for  our  conclusions?  Thus 
possessed  by  the  demon  of  scientific  haste,  we  continually  spoil 
our  own  performances,  and  disappoint  the  expectant,  but  not  at  all 
impatient  world.  Could  our  vanity  permit  us  to  know  the  fact, 
the  impatience  is  entirely  our  own,  and,  if  indulged,  is  sure  to  be 
roundly  punished. 

No ;  dead' work  cannot  be  delegated.  The  man  who  cannot  him- 
self survey  and  map  his  field,  measure  and  draw  his  sections 
properly,  and  perfectly  represent  with  his  own  pencil  the  character- 
istic variations  of  his  fossil  forms,  has  no  just  right  to  call  himself 
an  expert  geologist.  These  are  the  badges  of  initiation,  and  the 
only  guaranties  which  one  can  offer  to  the  world  of  science  that 
one  is  a  competent  observer  and  a  trustworthy  generalizer.  Nor 
has  one  become  a  true  man  of  science  until  he  has  already  done  a 
vast  amount  of  this  dead-work ;  nor  does  one  continue  in  his  prime, 
as  a  man  of  science  after  he  has  ceased  to  bring  to  this  test  of  his 
own  ability  to  see,  to  judge,  and  to  theorize,  the  working  and  think- 
ing of  other  men.     But  enough  of  this. 

My  second  proposition  was,  that  no  teacher  of  science  can  be 
successful  who  does  not  himself  encounter  some  of  the  dead-work 
of  the  explorer  and  discoverer ;  who  does  not  discipline  his  own 
faculties  of  perception,  reflection,  and  generalization  by  field-work 
and  office-work  independently  of  all  text-book  assistance ;  who 
does  not  himself  make  at  least  some  of  the  diagrams,  tables,  and 
pictures  for  his  class-room,  in  as  original  a  spirit,  and  with  as  much 
precision  of  detail,  as  if  none  such  had  ever  been  made  before, 
and  these  were  to  remain  sole  monuments  of  the  genius  of  inves- 
tigation. What  the  true  teacher  has  to  do  first  and  foremost  is 
to  wake  up  in  youthful  minds  this  spirit  of  investigation  ab  initio. 
The  crusade  against  scholastic  cramming  promises  to  be  success-  ' 
ful ;  but  the  crusade  against  pedagogic  cramming  has  hardly  yet 

A.   A.   A.    8.,   VOL.   XXXIV.  2 


18  ADDRESS   BT 

been  organized.  How  is  the  scholar  to  be  made  an  artist  if  the 
teacher  cannot  draw  ?  The  instinct  of  imitation  in  man  is  irresist- 
ible. Slovenly  drawing  on  the  blackboard  —  sufficient  evidence  of 
the  teacher's  imperfect  information  and  inaccurate  conception  of 
facts,  the  nature  of  which  he  only  thinks  be  understands  —  can  do 
little  more  than  raise  a  cold  fog  of  suspicion  in  the  class-room,  b}*^ 
which  tlie  tender  sprouts  of  learning  must  be  either  dwarfed  or 
killed.  But  even  slovenly  diagrams  are  preferable  to  purchased 
ones ;  for  whatever  diminishes  the  dead-work  of  a  teacher  ener- 
vates his  investigating,  and  thereby  his  demonstrating,  powers, 
and  lowers  him  toward  the  level  of  his  scholars. 

Were  I  dictator,  I  should  drive  all  teachers  of  science  out  into 
the  great  field  of  dead- work ;  force  them  to  go  through  all  the  gym- 
nastics of  original  research  and  its  description ;  and  not  permit 
them  to  return  to  their  libraries  until  their  note-books  were  full  of 
their  own  measurements  and  calculations,  sketch-maps  and  form- 
drawings,  severely  accurate  and  logically  classified,  to  be  then 
compared  with  those  recorded  in  the  books.  What  teachers  fail 
to  keep  in  mind  is  this :  that  learning  is  not  knowledge  ;  but  as 
Lessing  says :  Learning  is  only  our  knowledge  of  the  experience 
of  others;  Knowledge  is  our  own.  No  man  really  comprehends 
what  he  himself  has  not  created.  Therefore  we  know  nothing  of 
the  universe  until  we  take  it  to  pieces  for  inspection,  and  rebuild 
it  for  our  understanding.  Nor  can  one  man  do  this  for  another ; 
each  must  do  it  for  himself;  and  all  that  one  can  do  to  help  another 
is  to  show  him  how  he  himself  has  morsel  luted  and  recomposed 
his  small  particular  share  of  concrete  nature,  and  inspire  him  with 
those  vague  but  hopeful  suggestions  of  ideas  which  we  call  Learn- 
ing, but  which  are  not  Science. 

My  third  proposition  was,  that  an  expert  in  practical  science 
can  command  the  respect  and  confidence  of  his  professional  fellows, 
and  through  their  free  suffrages  build  up  his  own  reputation  in  the 
learned  and  business  worlds,  only  in  exact  proportion  to  the  amount 
of  good  dead-work  to  which  he  voluntarily  subjects  himself.  For, 
although  the  most  of  it  is  necessarily  done  in  secrecy  and  silence, 
enough  of  it  leaks  out  to  testify  to  his  honest  and  diligent  self- 
cultivation  ;  and  enough  of  it  must  show,  in  the  shape  of  scientific 
wisdom,  to  make  self-evident  the  fact  that  he  is  neither  a  tyro  nor 
a  charlatan.  More  than  once  I  have  heard  the  merry  jest  of  the 
Australasian  judge  quoted  with  sinister  application  to  experts  in 
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science.  When  a  young  colleague,  just  arrived  from  England, 
asked  him  for  advice,  he  answered :  Pronounce  your  decisions,  but 
beware  of  stating  your  reasons  for  them.  Many  an  ephemeral 
reputation  for  science  has  been  begot  by  this  shrewd  policy.  But 
the  best  policy  to  wear  well  is  honesty ;  and  honesty  in  trade 
means  selling  what  is  genuine,  well-made,  and  durable ;  and  hon- 
esty in  science  means,  first,  facts  well  proved,  and  then,  conclu- 
sions slowly  and  painfully  deduced  from  facts  well  proved.  In 
sufficient  number  and  order  of  arrangement  to  exhaust  alike  the 
subject  and  the  observer.  Reap  your  field  so  thoroughly  that 
gleaners  must  despair.  Fortify  your  position  so  that  your  most 
experienced  rival  can  find  no  point  of  attack.  Lay  your  plans 
with  such  a  superfluity  of  patient  carefulness  that  fate  itself  can 
invent  no  serious  emergency.  Demonstrate  your  theory  so  utterly 
and  evidently  that  it  shall  require  no  defender  but  itself.  Die  for 
your  work,  that  your  work  may  live  forever.  Forget  yourself,  and 
your  work  will  make  you  famous.  Enslave  yourself  to  it,  and  it 
will  plant  your  feet  upon  the  necks  of  kings,  and  your  mere  Yes 
or  No  will  become  a  law  to  multitudes.  This  is  what  the  dead- 
work  of  science,  when  well  done,  does  for  the  expert  in  science. 

My  fourth  proposition  —  that  only  the  habitual  performance  of 
dead-work  can  preserve  the  scientific  intellect  in  pristine  vigor, 
and  prevent  it  from  becoming  stiffened  with  prejudices,  inapt  to 
receive  fresh  truth,  and  forgetful  of  knowledge  already  won  — 
hardly  needs  discussion.  Human  muscles  become  atrophied  by 
disuse.  Men's  fortunes  shrink  and  evaporate  by  mere  investment. 
I  pray  you  to  imagine  what  I  wish  to  say ;  for  it  all  amounts  to 
this  —  that  the  grass  will  surely  grow  over  a  deserted  footpath. 
Let  me  hurry  to  the  close  of  this  address,  which  I  have  found  too 
serious  a  duty  for  my  liking,  and  perhaps  you  also  have  found  it 
too  personal  a  preachment  for  yours.  One  more  suggestion,  then, 
and  I  have  done. 

My  fifth  proposition  was,  that  the  wearied  and  exhausted  intellect 
will  wisely  seek  refreshment  in  dead-work. 

The  physiology  of  the  brain  is  now  sufficiently  well  understood 
to  permit  physicians  to  prescribe  with  some  assurance  for  its  many 
ills,  and  to  regulate  its  restoration  to  a  normal  state  of  health. 
Its  tissues  reproduce  themselves  throughout  life  if  no  extraordinary 
overbalance  of  decay  takes  place,  if  there  be  no  excessive  and  too 
long  continued  waste.     For  the  majority  of  mankind  nature  pro- 
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vides  for  the  adjustment  between  consumption  and  reprodaction 
of  brain-matter  by  the  alternations  of  day  and  night,  noise  and 
silence,  society  and  solitude ;  and  also  by  the  substitution  of  the 
play  of  fancy  in  dreams  for  the  work  of  the  judgment  and  the  "will 
in  waking  hours.  We  follow  the  lead  of  nature  when  we  seek 
amusement  as  a  ramedy  for  care.  We  bring  into  activity  a  rested 
portion  of  the  brain  to  permit  the  wearied  parts  of  it  to  restore 
themselves  unhindered. 

This  is  the  rationale  of  the  pathological  treatment  of  the  brain. 
Tell  an  over-worked  president  of  a  railway  company,  who  falls 
asleep  at  the  directors'  meeting,  that  he  must  rest^  or  die  of  soften- 
ing of  the  brain,  and  he  will  smile  a  sad  reply  that  he  cannot  rest. 
He  is  right,  thus  far :  he  cannot  rest  his  whole  brain ;  but  he  can 
rest  the  cerebellum, —  the  seat  of  the  will  power, — by  bringing 
into  higher  activity  and  more  frequent  exercise  the  upper  and 
frontal  lobes.  Let  him  stop  thinking  of  leasing  rival  lines,  and 
read  novels,  and  play  billiards.  Let  him  ride  some  youthfbl  hobby, 
revive  his  practice  on  the  violin,  cultivate  flowers,  keep  a  stud  and 
kennel,  bury  himself  in  Greek  and  Latin  literature,  collect  pic* 
tures,  minerals,  do  any  thing  which  will  really  interest  him  and 
keep  him  out  of  the  way  of  railroad  men  and  railroading ;  and  do 
it  with  bis  might,  with  enthusiasm,  even  to  fatigue ;  and  do  it  for 
at  least  four  years,  and  by  that  time  his  cerebellum  will  be  all 
right  again. 

Now  what  the  unintermitting  responsibilities  of  the  railroad 
official  do  for  the  destruction  of  the  constitution  of  his  cerebellum, 
just  that  the  overstrained  exercise  of  the  creative  imagination  does 
for  the  demoralization  of  the  brain  of  the  man  of  science,  especi- 
ally if  it  be,  as  it  commonly  is,  accompanied  by  business  anxiety. 
And  his  only  way  of  escape  from  a  predestined  break-down  is 
through  the  monotonous  but  interesting  occupation  of  his  percep- 
tive faculties  in  the  field  and  at  his  office  table.  In  both  he  will 
enjoy  that  solitude  which  resembles  sleep  in  being  a  medicine  for 
the  wear}^  brain.  But  it  is  a  solitude  peopled  with  unexceptionable 
friends ;  in  which  care  sleeps,  and  pleasure  wakes ;  a  solitude  in 
which  the  soul  multiplies  Itself  by  alliance  with  all  the  possibilities 
of  number  and  all  the  actualities  of  form  ;  a  solitude  from  which 
a  man  returns  to  the  society  of  his  fellow-men  sainted  by  the 
blessing  of  nature,  and  equal  to  the  duty  of  existence. 

In  conclusion,  I  must  express  the  wish  that  this  meeting  of  our 
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association  may  be  as  delightful  and  as  useful  as  any  that  it  has 

ever  held.    Those  who  remember  how  hard  we  used  to  work  at 

them,  what  a  harvest  of  mutual  confidences  we  used  to  gather  at 

them,  and  what  a  glow  of  fresh  enthusiasm  we  caiTied  away  with 

us  from  them,  will  know  what  such  a  wish  implies.    Those  who 

come  fresh  to  this  meeting  will  find  themselves  made  at  home  in 

half  a  dozen  worlds  of  science  at  once.    That  is  the  particular 

character  and  special  charm  of  this  association,  wherein  it  differs 

ft*om  all  local  societies,  and  from  all  conventions  of  workers  in 

special  branches  of  science  and  art.    And,  as  each  meeting  fhr- 

nishes  a  panoramic  view  of  the  present  state  of  human  knowledge 

as  a  whole,  so  at  each  meeting  the  old  and  the  young  in  science 

are  mingled  in  such  friendly  and  confidential  intercourse  that  the 

prospect  extends  both  backwards  to  the  beginnings  of  inquiiy  and 

forwards  to  its  possible  achievements.     AH  good  tradition  is 

precious ;  and  so  is  well-trained  current  inquiry,  and  so  is  sound 

prophetic  calculation.     At  such  a  meeting  as  this,  we  enjoy  the 

rare  privilege  of  assisting  at  all  three ;  and  when  we  scatter  to 

our  homes  we  can  hardly  fail  to  take  with  us  something  effectual 

for  lightening  and  sweetening  another  year  of  work. 
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Third  report  of  the   committee   on   standards   op    stellar 
MAGNITUDES.      Pi'of.  E.  C.  PiCKERiNG,  reporter. 

The  work  described  in  the  previous  reports  of  this  Committee 
(Proc,  Amer.  Assoc.  XXX,  p.  1,  XXXIII,  p.  29)has  been  continued 
during  the  past  3'ear.  The  scrutiny  of  the  regions  from  which 
tlie  standards  are  selected  has  been  carried  on  by  several  members 
of  the  committee.  The  maps  of  these  regions  were  originally  made 
as  stated  in  the  last  report  with  the  fifteen  inch  telescope  of  the 
Harvard  College  Observatory.  The  most  favorable  nights  were 
not  always  employed  in  this  work,  and  the  proximity,  of  the  elec- 
tric lights  in  Boston  doubtless  obscured  some  of  the  fainter  stars. 
The  careful  revision  with  the  telescope  of  the  Washburn  Observa- 
tory, which  has  also  a  slightly  larger  aperture,  has  doubtless  ren- 
dered these  maps  nearly  complete,  so  far  as  the  limit  of  visibility 
of  telescopes  of  this  size  is  concerned.  A  second  revision  has 
been  made  with  the  Princeton  telescope  whose  aperture  is  twenty- 
three  inches.  Much  fainter  stars  are  thus  detected.  Another  re- 
vision will  probably  be  undertaken  with  the  Washington  telescope 
of  twenty-six  inches  aperture  which  should  reveal  still  fainter  stars. 
To  secure  the  faintest  stars  visible  with  the  Inrgest  telescope  in 
the  world,  hectograph  copies  have  been  made  of  the  regions  follow- 
ing, ^  Pegasi,  s  Orionis^  rj  Virginis,  7]  Serpentis.  Copies  have  been 
sent  to  all  observatories  containing  telescopes  of  the  largest  size, 
with  the  request  that  all  stars  visible  maj'  be  added.  If  this  re- 
quest is  acceded  to,  we  shall  have  the  means  also  of  determin- 
ing the  comparative  advantages  of  telescopes  of  difl'erent  forms. 
Engravings  of  these  charts  have  been  published  in  the  Astro- 
nomical Register^  XXIII,  39,  and  the  Sidereal  Messenger^  IV,  24. 
Replies  have  already  been  received  including  important  additions 
to  the  charts  from  the  Melbourne  and  Strasburg  observatories. 
It  is  hoped  that  the  results  of  observations  with  all  the  larger 
telescopes  may  be  received  before  July,  1886,  in  order  that  they 
may  be  included  in  the  report  for   next  year. 

(28) 


24  REPORTS  OF  OOMMITTEKS. 

Meanwhile  stars  saitable  as  standards  have  been  selected  from 
each  of  the  twenty-four  maps.  An  attempt  was  made  to  choose 
duch  as  should  differ  in  brightness,  on  the  average,  by  about  half  a 
magnitude,  beginning  with  the  brightest  stars  in  the  region  which 
are  generally  not  far  from  the  tenth  magnitude,  and  extending  to 
the  faintest  objects  seen.  The  ms^itude  of  most  of  these  was 
estimated  twice  when  the  charts  were  made  and  once  when  the 
standards  were  selected.  Measurements  were  also  made  with  the 
photometer,  designated  as  I  in  the  Harv,  Observ.  AnnoJs^  XI, 
p.  7,  figs.  5  and  6.  Each  star  was  observed  on  three  evenings, 
three  settings  being  made  on  each  evening.  The  construction 
of  this  photometer  does  not  permit  the  measurement  of  bright 
stars.  The  two  brightest  stars  of  each  chart,  if  not  too  faint, 
are  now  being  measured  with  the  large  meridian  photometer  at 
Cambridge.  Three  sets,  each  consisting  of  four  settings,  are 
taken  of  each  star.  This  portion  of  the  work  is  nearly  completed. 
All  stars  that  were  not  too  faint  were  also  measured  on  three 
evenings  with  the  form  of  wedge  photometer  described  Ptoc. 
Amer,  Acad.  XVII,  231.  Three  settings  were  made  each  evening. 
With  this  instrument  the  observations  arc  differential,  and  it  is 
necessary  to  determine  the  constants  independently.  The  con- 
stant expressing  the  opsicity  of  the  wedge  was  found  b^''  means  of 
a  special  photometric  investigation.  In  each  series  of  measures 
the  light  of  the  bright  star  preceding  the  group  was  reduced  by 
a  piece  of  shade  glass  and  then  measured  by  the  wedge.  Assum- 
ing the  opacity  of  the  shade  glass,  a  means  is  thus  afforded  of 
reducing  all  the  measures  to  the  scale  of  the  meridian  photometer 
since  the  preceding  bright  stars,  or  leading  stars,  have  all  been 
measured  with  that  instrument.  Unfortunately,  the  shade  glass 
was  of  a  bluish  tint  and  appears  to  be  more  opaque  to  the  red  stars 
like  a  Tauri^  than  to  the  blue  stars.  The  observations  were  ac- 
cordingly reduced  by  means  of  the  observations  of  the  same  stars 
with  the  other  photometers. 

The  various  determinations  of  the  brightness  of  the  stars  se- 
lected as  standards  are  compared  in  Table  I.  The  twenty-four 
divisions  correspond  to  the  various  groups  of  standards  and  each 
is  preceded  by  the  name,  Harvard  Photometr}^  number,  and  mag- 
nitude of  the  leading  star.  The  successive  columns  give  for  each 
star  selected  as  a  standard,  the  letter  employed  to  designate  it,  the 
amount  it  follows  tho  leading  star  in  right  ascension,  and  its  dec- 
lination.    The  latter  is  reckoned  from  the  southern  edge  of  the 
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zone  IC  wide  from  which  the  standards  are  selected.  The  decli- 
nations of  the  leading  stars  would  therefore  be  5'.0.  The  fourth 
column  gives  the  magnitudes  assumed  provisionally  for  the  stand- 
ards. It  is  derived  from  the  mean  of  the  measures  described  above. 
Magnitudes  have  been  assumed  for  stars  too  faint  to  be  measured 
with  any  of  these  photometers.  The  limiting  magnitudes  of  the 
stars  observed  at  Cambridge,  may  be  taken  at  15.0,  although  stars 
have  been  measured  as  faint  as  15.5.  Standards  contained  on  the 
original  charts  and  not  measured  will  therefore  be  called  15.0. 
Those  added  by  the  Madison  telescope  will  be  somewhat  fainter, 
and  will  be  called  15.1.  The  aperture  of  the  Princeton  telescope 
should  render  visible  stars  nine-tenths  of  a  magnitude  fainter,  if 
no  other  cause  entered.  These  stars  should  therefore  varv  in 
magnitude  from  15.2  to  16.0,  or  have  a  mean  magnitude  of  15.6. 
For  stars  south  of  the  equator,  one-tenth  of  a  magnitude  Is  sub- 
tracted from  the  magnitudes  thus  indicated  on  account  of  the 
atmospheric  absorption.  The  fifth  column  gives  the  residuals 
expressed  in  tenths  of  a  magnitude,  found  by  subtracting  the  pro- 
visional magnitude  from  that  found  by  the  three  photometers  re- 
spectively. Italics  indicate  that  the  residuals  are  negative.  When 
the  magnitude  depends  upon  a  single  instrument  an  a  is  inserted. 
A  discordance  of  a  magnitude  or  more  is  indicated  by  a  b. 
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.  .A 
.  .A 
.   .  A 
.  .  A 


19.    71    Sebpentis.        U.  p.  3090.    3.4 


a 
b 
c 
d 
e 
f 

8 
h 
i 


5  0 
8  42 
4  30 

2  33 

3  16 

6  18 

4  46 
4  24 
6  4 


3.6 

0.7 

8.8 

11.8 

5.0 

12.4 

6.5 

13.0 

0.5 

13.0 

5.2 

14.2 

5.0 

15.6 

8.4 

15.0 

8.5 

16.5 

11  . 

.  01 

.  00 

.  22 

.  12 

.  .  A 

.  .  A 


20. 

S    AQUILJS.       H.  p.  3343.    3.5 

a 

4     2 

3.0  . 

8.2 

21  . 

b 

3    23 

8.8 

9.0 

10  . 

c 

5    20 

6.0 

11.2 

.  54 

d 

4      6 

8.6 

11.1 

.1  1 

e 

2    46 

4.0 

11.5 

.  11 

f 

2    35 

2.8 

12.4 

.10 

e 

2    17 

4.8 

12.6 

.  .  A 

h 

2    23 

3.0 

13.3 

.  .  A 

i 

2    56 

2.6 

13.3 

.  .  A 

J 

2    32 

4.5 

14.6 

.  .  A 

k 

2    27 

3.6 

U.9 

.  .  A 

1 

2    47 

2.6 

15.1 

■  .  ■ 

m 

1 

3    23 

G.8 

15.1 

... 
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TABLE  h^ConHmted, 


SL 

>    B    AQUH^. 

H.P.  3514.    3.4 

22. 

P    AQUAKn. 

H.P.  8795.    8.1 

a 

9    43 

1.8 

8.1 

92  . 

a 

2    21 

10.1 

9.6 

.  A  . 

b 

S    10 

6.0 

10.3 

615 

b 

4     0 

2.0 

11.9 

.1  1 

c 

3    22 

1.8 

11.4 

.  ^3 

o 

3    02 

8.4 

12.4 

.  01 

d 

4     3 

2.2 

12.0 

.  43 

d 

4    19 

1.0 

12.9 

.  00 

e 

2     9 

0.8 

13.2 

.  43 

e 

4     9 

8.1 

13.2 

.  12 

f 

2    14 

7.5 

13.4 

.  43 

f 

3     6 

6.9 

13.4 

.  .  A 

g 

2    95 

3.8 

13.7 

.  .  A 

e 

3    32 

7.7 

13.8 

.  .  A 

h 

2    21 

6.5 

14.0 

.  .  A 

h 

3    54 

6.0 

14.0 

.  .  A 

1 

2      8 

4.0 

14.4 

.  .  A 

1 

2    59 

2.5 

14.9 

.  .  A 

J 

2    15 

6.0 

14.9 

.  .  A 

J 

3    12 

3.2 

14.9 

■      •      • 

k 

2    23 

4.5 

15.2 

.  .  A 

k 

3    40 

5.5 

15.1 

•      •      • 

1 

2    26 

7.5 

15.5 

•     •     • 

1 

2    59 

7.7 

15.5 

•      •      • 

in 

2    29 

2.7 

15.5 

•     •     • 

m 

2    34 

7.5 

15.5 

•      •      • 

2£ 

1.    a  AQU. 

iKII.    H 

.P.  3899 

.    3.2 

24 

I.    a  PEGi 

lsi.  h.  : 

P.  4080. 

2.6 

a 

6    10 

2.9 

9.3 

.A. 

a 

4    56 

5.0 

9.9 

.  A  . 

b 

3    21 

2.2 

12.5 

.  00 

b 

2    32 

8.7 

10.5 

.  A  . 

6 

2    49 

59 

12.9 

.  00 

c 

3    29 

9.3 

11.6 

.  JO 

d 

3    45 

1.4 

13.0 

.  io 

d 

1    54 

8.3 

12.1 

.A  . 

e 

2    20 

2.8 

13.7 

.  .  A 

e 

3    38 

9.3 

13.3 

.  1  1 

f 

3      6 

5.4 

14.2 

.  .  A 

f 

3    20 

6.0 

14.3 

.  .A 

g 

2    27 

4.1 

14.7 

.  .A 

g 

2    31 

3.8 

14.6 

.  .A 

h 

2     9 

3.4 

15.1 

.  .A 

h 

2    18 

1.0 

15.2 

.  .A 

i 

2    14 

4.9 

15.0 

•     •     • 

i 

2    34 

2.0 

15.0 

... 

J 

2    40 

3.2 

15.0 

•      •     • 

J 

3    30 

5.3 

15.1 

... 

k 

3    22 

6.2 

15.5 

•     •     • 

k 

6.7 

15.6 

.  •  • 

An  additional  series  of  standards  is  contained  in  Table  II.  This 
consists  of  stai's  in  the  immediate  vicinity  of  the  North  pole. 
The  selection  is  that  recommended  in  a  circular  issued  by  the 
Harvard  Observatory  in  1879.  See  sl\bo  Astron.  ^ac/i.,XCV,  29, 
Naivre^  XX,  14,  Astron.  lieg.y  XVII,  175.  These  stars  afford  a 
convenient  means  of  insuring  uniformity  of  scale  throughout  the 
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Report  of  the  committee  on  indexing  chemical  literature. 
Dr.  H.  Carrington  Bolton,  reporter. 


The  Committee  on  Indexing  Chemical  Literature  respectfully 
present  to  the  Chemical  Section  their  third  annual  report. 

Five  hundred  copies  of  our  report  for  1884  have  been  sent  to 
chemists  throughout  the  United  States,  the  distribution  having 
been  made  through  the  Smithsonian  Institution  without  expense 
to  the  committee ;  the  report  was  also  published  in  the  chemical 
News  (London),  and  favorably  noticed  in  the  American  Library 
Journal  (New  York) .  This  wide  circulation  led  to  many  applica- 
tions for  single  indexes  and  for  sets,  which  were  filled  as  far  as 
possible  either  by  the  chairman  or  by  Professor  D.  S.  Martin,  edi- 
tor of  the  Annals  of  the  New  York  Academy  of  Sciences,  in  which 
serial  most  of  the  indexes  were  published. 

But  one  offer  of  assistance  in  the  scheme  of  cooperative  indexing 
has  been  received  during  the  year. 

Dr.  F.  £.  Engelhardt  offers  to  undertake  an  Index  to  the  Litera- 
ture of  Common  Salt. 

Reports  of  progress  have  been  received  from  several  gentlemen  : 
Professor  Wm.  Ripley  Nichols,  on  Carbon  Monoxide ;  Professor 
L.  P.  Kennicutt,  on  Meteorites ;  Professor  C.  £.  Monroe,  on  Ex- 
plosives. 

During  the  3'ear  Dr.  H.  Camngton  Bolton  has  published  in  the 
Annals  of  the  New  York  Academy  of  Sciences  a  Catalogue  of 
Chemical  Periodicals  (58  pp.,  8vo,  New  York,  1885).  This  em- 
braces 182  titles  in  several  languages,  and  is  intended  to  form  an 
authoritative  list  of  all  the  completed  and  existing  periodicals  de- 
voted to  chemistry,  with  a  view  to  facilitating  the  researches  of 
those  undertaking  the  compilation  of  indexes. 

Dr.  Bolton  has  also  completed  the  second  Index  to  the  Literature 
of  Uranium  mentioned  in  our  preceding  report ;  this  index  has 
been  examined  by  the  committee,  accepted  and  transmitted  to  the 
Smithsonian  Institution  for  publication,  in  accordance  with  the 
agreement  entered  into  by  the  secretary  Professor  S.  F.  Baird. 
Its  early  publication  may  be  expected. 

The  committee  deem  it  part  of  their  duty  to  chronicle  the  pub- 
lication of  chemical  indexes  and  bibliographies   which  may  be  is- 
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sued  independently,  and   which  fall   under  their   notice.     They 
therefore  call  attention  to  the  following : 

List  of  Tests  (Reagents) ,  by  Hans  Wilder.  New  York  and  Lon- 
don.    88  pp.  12mo,  1885. 

This  is  a  useful  little  brochure  containing  a  list  of  nearly  900 
chemical  tests  known  by  the  names  of  their  authors,  arranged  al- 
phabetically by  authors,  and  provided  with  a  full  index  of  subjects. 
It  can  be  obtained  of  Professor  P.  W.  Bedford,  5  Beekman  St., 
New  York. 

In  conclusion,  the  committee  appeal  for  support  to  the  chemists 
in  whose  hands  this  report  m^y  fall ;  they  call  for  volunteers  to 
undertake  indexes  to  special  topics  in  chemical  literature,  and  es- 
pecially to  the  elementary  substances.  The  indexes  and  bibliog* 
raphies  now  on  their  list  number  fifteen ;  cannot  this  number  be 
soon  doubled  ?  The  committee  does  not  dictate  to  independent 
workers  a  fixed  plan,  but  leaves  method  and  subject  to  the  authors  ; 
the  committee  does  not  seek  to  control  the  productions  further  than 
to  insure  work  of  high  merit  and  to  guard  the  interests  of  the 
Smithsonian  Institution  which  has  agreed  to  publish  manuscripts 
endorsed  by  the  committee.  Chemists  willing  to  undertake  the 
compilation  of  indexes  are  requested  to  send  their  names  and  ad* 
dresses  with  a  memorandum  of  the  subject  chosen,  to  the  chairman 
of  the  committee  (care  of  the  Smithsonian  Institution)  who  will 
furnish  sample  copies  of  indexes  already  in  print  and  other  de- 
sired information. 

Respectfully  submitted, 

H.  Carrington  Bolton,  Cliairman^ 
Ira  Remsbn, 
F.  W.  Clarke, 
Albert  R.  Leeds, 
Alexis  A.  Julien, 

Committee* 


August  19,1885. 

a.  a.  a.  8.,  VOL.  XXX1V«  3 
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Appendix  to  report  of  committee  on  indexing  chemical  literature. 

Waahingtofh  D.  C,  October  24,  1884. 

Prof.  H.  Carrington  Bolton,  Ph.D., 

Chairman  of  the  Committee  on  Indexing  Chemical  Elements,  A.A.A.S., 
Sir  :— 
In  response  to  yonr  request  for  a  statement  of  my  method  of  in* 
dexing  scientific  literature,  I  have  the  honor  herewith  to  transmit  an  ac- 
count of  my  plan,  and  its  leading  features  as  I  have  discovered  them  by 
use. 

Very  respectAiUy, 

Wm.  Frear. 


A  Mkthod  of  Indexing  Scientific  Litrrature.    By  Professor  Wh. 
Prkar. 

For  several  years  it  has  been  my  custom  to  index  the  most  important 

papers  bearing  on  problems  in  which  I  have,  from  time  to  time,  been  in- 

V     terested.    After  some  experience  with  different  methods  of  indexing,  I 

have  finally  devised  a  plan  which  meets  the  demands  of  my  own  work  more 

fully  than  any  other  method  I  have  tried. 

In  the  formation  of  this  plan,  the  following  data  have  had  weight : 

1.  Information  concerning  subject-matter,  or  authorship,  is  much  more 
frequently  sought,  than  concerning  points  of  chrouology,  and  when  his- 
torical data  are  the  objects  of  search,  there  is  much  more  probability  that 
they  relate  to  minor  details  of  a  subject,  than  to  the  general  class  of  mat- 
ter indexed  under  a  bibliographic  title. 

2.  When  a  given  paper  is  being  sought,  the  clew  to  its  position  is  prob- 
ably the  name  of  the  author,  or  the  nature  of  the  subject  matter,  and 
rarely  the  date  of  its  reading  or  publication. 

8.  To  relieve  any  who  may  in  the  future  attempt  to  collate  the  bibliog- 
raphies compiled  by  dlfi'erent  individuals,  from  the  necessity  of  a  compar- 
ison of  every  item  with  the  original  paper  indicated,  an  index  sliould 
contain  in  compact  form  all  distinctive  data  necessary  to  a  complete 
knowledge  of  the  subject-nature,  and  the  biographical  and  historical  rela- 
tions of  each  paper  indexed. 

4.  Utility,  while  demanding  completeness,  will  neither  allow  the  space 
necessary  to  the  full  answer  of  every /orm  of  query  on  a  given  minor  sub- 
ject, nor,  on  the  other  hand,  a  complex  system  of  cross-reference. 

In  consideration  of  these  facts,  the  following  system  was  reached : 
It  involves  both  an  author  and  a  subject-index.    In  the  author- index 
are  given  the  following  data : 

1.    The  fiill  name  of  the  author. 
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2.  The  date  of  the  reading  of  the  paper,  or  if  that  Is  not  available,  the 
date  of  pnblicatioD. 

8.    The  original  title. 

4.  If  that  is  not  sufficiently  specific,  a  brief  emendation  added  in  brack- 
ets. 

5.  The  volame  and  page  of  the  periodical  In  which  the  paper  first  ap- 
peared, followed  by  a  list  of  the  places  where  abstracts  are  found. 

The  index  of  authors  Is  in  alphabetical  order;  while  the  dilTerent  papers 
written  by  the  same  author  are  arranged  in  chronological  order  under 
his  name. 

The  titles  in  the  subject-index  are  made  up  from  a  consideration  of  the 
specific  subject-matter  of  a  paper,  rather  than  from  its  title ;  the  arrange- 
ment is  alphabetical.  Just  like  any  ordinary  subject-index,  but  references 
are  made  under  the  subdivisions'  of  each  specific  title  to  the  authors  who 
have  written  on  the  subject  indicated  by  that  particular  subdivision,  fol- 
lowed by  the  date  of  the  paper  given  in  the  author-index.  Under  each 
subdivision,  the  names  of  the  authors  occur  in  alphabetical  order. 

To  illustrate,  take  the  article  appearing  in  the  Journal  of  the  Chemical 
Society  of  London,  Volume  23,  page  371,  detailing  the  discovery  of  bu- 
tyric ferment  in  water  contaminated  by  sewage,  and  entitled  Organic 
Matter  in  Water,  by  Charles  Heisch,  Lecturer,  etc.  Reference  to  the 
Proceedings  of  the  Society  shows  it  to  have  been  read  on  June  16,  1870. 

The  author-index  would  have  the  following  entry: 
Heisch,  Charles 
1870,  June  16. 
On  Organic  Matter  In  Water. 

[Occurrence  of  butyric  feiment  introduced  by  sewage  contamination.] 
J.  Ch.  Soc.  23,  27. 

List  of  Abstracts 

In  the  subject-index  the  following  entries  would  be  made : 

1).     Butyric  Ferment. 

Occurrence  in  water  contaminated  by  sewage. 
Heisch,  C,  1870,  June  16. 

2).    Water, 

Contaminated  by  sewage.    Occurrence  of  butyric  ferment  in. 
Heisch,  C,  1870,  June  16. 

By  the  use  of  this  plan  the  following  advantages  are  gained : 

1.  A  ready  reference  to  any  paper,  given  a  knowledge  of  Its  authorship 
or  subject. 

2.  A  general  idea  of  the  lines  of  Investigation  already  opened  up,  re- 
lating to  any  specific  subject,  from  a  glance  at  the  subject-Index. 

8.    A  knowledge  of  what  any  author  has  written  on  the  subject  proper 
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of  the  bibliography,  and  in  what  chronological  order,  from  a  glance  at 
the  author-index. 

4.  A  ready  access  to  the  history  of  any  detail  of  a  specific  subject  by 
reason  of  the  relatively  small  number  of  references  under  the  proper  sub- 
division, and  the  use  of  dates  in  connection  with  those  references  in  the 
subject-index. 

5.  A  possibility  of  great  expansion  of  the  subject-index  with  the  re- 
quirements of  only  a  small  additional  amount  of  space,  and  without  com- 
plexity of  cross-reference. 

6.  The  compact  arrangement  in  the  author-Index,  of  all  data  necessary 
to  the  distinctive  knowledge  of  an  article. 

It  may  seem  that  an  indication  of  the  locus  of  a  paper  might  with  advan- 
tage be  appended  to  the  date  in  the  subject-index,  but  a  consideration  of 
the  multitude  of  abstracts  will  show  immediately  the  reason  for  the  omis- 
sion. 

Again,  it  may  be  urged  that  the  first  of  the  principles  announced  as  the 
•basis  of  the  system — viz. :  the  paramount  importance  of  subject  and 
authorship,  would  require  a  subject- classification  of  the  papers  under 
the  name  of  a  given  author,  rather  than  the  chronological  order  which 
is  adopted.  An  attempt  to  arrange  according  to  the  original  titles  will 
soon  be  found  untrustworthy ;  an  arrangement  according  to  emended  ti- 
tles is  found  to  interfere  with  the  ready  grasp  of  the  details  which  are 
.presented  in  the  author-index,  and  are  its  marked  features. 

Finally,  it  may  be  objected  that  an  index,  prepared  according  to  this 
system,  sufl^ers  from  the  disadvantage  of  being  at  best,  much  more  bulky, 
than  those  prepared  according  to  other  plans  which  have  been  proposed; 
thus  involving  both  greater  labor  in  preparation,  and  increased  expense 
in  publication.  In  reply  to  these  objections,  attention  must  be  called  to 
the  fact  that  the  mere  labor  of  writing  an  index  is  very  small,  relative  to 
that  expended  in  Ending  what  to  write,  and  that  the  latter  factor  is  a  con- 
stant, whatever  plan  be  adopted,  and  second,  that  though  the  cost  of  pub- 
lication be  slightly  greater,  the  greatly  increased  completeness  and  utility 
far  outweigh  this  diA'crence  in  cost. 
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First   report  of  the  committee  on    an   international    scien- 
tific CONGRESS.    Dr.  Charles  Sedgwick  Minot,  reporter. 


The  Committee  has  conducted  an  extensive  correspondence  and 
made  considerable  progress.  The  question  of  the  propriet}'  of  at- 
tempting an  International  Meeting  in  London  is  now  before  the 
British  Association,  and  our  further  action  must  depend  upon 
their  decision,  which  cannot  be  reached  until  September  during 
the  meeting  at  Aberdeen.  We  are  not  at  liberty  to  publish  the 
correspondence,  but  your  Committee  feel  that  much  progress  has 
been  made  in  the  matter  under  their  charge,  and  it  seems  not  im- 
probable that  the  first  International  Scientific  Congress  may  be 
held  at  London  within  a  few  years. 

An  endowment  has  already  been  secured  owing  to  the  renewed 
munificent  liberality  of  Mrs.  Elizabeth  Thompson  of  Stamford, 
Conn.,  who  through  Dr.  Charles  S.  Minot  has  placed  a  sum  of 
twenty-five  thousand  dollars  in  the  hands  of  a  board  of  Trustees, 
the  income  to  be  expended  "  for  the  promotion  of  pure  science  in 
the  broadest  sense "  by  the  International  Congress,  when  satis- 
factorily organized.  For  this  assistance  to  our  enterprise,  Mrs. 
Thompson  deserves  the  hearty  thanks  of  our  Association.  A 
fuller  account  of  this  very  noble  gift  will  be  found  in  Science  of 
Aug.  21,  1885. 

Respectfully  submitted, 

Simon  Newcomb, 

T.  Sterrt  Hunt, 

G.  F.  Barkbr, 

J.  W.  Powell, 

E.  C.  Pickering, 

Ira  Bemsen, 

Charles  Sedgwick  Minot, 

Committee. 
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First  report  of  the  committee  on  the  encouragement  of  re- 
searches  ON    THE    HEALTH    AND    DISEASES  OF   PLANTS.      Prof. 

J.  G.  Arthur,  reporter. 


The  committee  appointed  at  the  last  meeting  of  this  Association 
decided  upon  consultation  that  the  most  important  work  to  be 
accomplished  was  to  secure  first  a  hearing  from  the  authorities  of 
the  Department  of  Agriculture  at  Washington,  and  to  urge  the 
establishment  of  a  Bureau  or  Division  in  that  Department  for  the 
study  of  plant  diseases,  especially  those  produced  by  fungi.  Ac- 
cordingly, the  following  memorial  was  addressed  to  the  commis- 
sioner, Hon.  N.  J.  Colman,  in  April  of  this  year,  signed  by  six 
members  of  the  committee. 


To  THE  Honorable  Commissioner  of  Agriculture,  Washington,  B.  C. 

Dear  Sir  :— 
The  undersigned  were  appointed  a  committee  by  the  American  Associa- 
tion for  the  Advancement  of  Science  during  its  meeting  in  Ptiiladelphia, 
September,  1884,  for  the  purpose  of  calling  the  attention  of  the  Depart- 
ment of  Agriculture  to  the  needs  of  proper  investigation  into  the  diseases 
of  plants. 

We  would  therefore  respectfully  urge  that  in  planning  the  work  of  the 
Department  for  the  coming  years,  you  make  provision  for  a  thorough 
scientific  study  of  the  diseases  of  plants,  especially  those  due  to  the  par- 
asitic ftingi,  believing  that  by  so  doing  you  will  greatly  increase  the  effi- 
ciency and  value  of  the  Department. 

We  would  urge  farther  that  in  the  appointment  of  an  officer  to  make 
such  investigations  you  seltct  a  man  whose  training  has  been  such  as  to 
enable  him  to  call  to  his  aid  all  the  knowledge  and  appliances  of  the  best 
modern  scientific  methods. 
Bespectfiilly  submitted, 

(Signed)  J.  C.  Arthur,  Chairman, 

C.  £.  Bessey, 

T.  J.  BURRILL, 
J.  T.  ROTHROCK, 

W.  J.  Beai., 
C.  H.  Feck, 

CommiUee. 
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The  Commissioner  replied  with  promptness,  stating  his  hearty 
sympathy  with  the  objects  of  the  committee  and  offering  all  the 
aid  in  his  power  to  further  them.  He  also  stated  that  he  had  ap- 
pointed Mr.  F.  L.  Scribner  of  Girard  College,  Philadelphia,  to 
take  charge  of  such  work  for  the  department. 

In  order  to  show  the  good  will  of  the  committee  toward  Mr. 
Scribner  and  the  work  which  he  had  now  undertaken  the  following 
communication  was  then  sent  to  him. 


To  Prof.  P.  L.  Scribner,  Assistant  Botanist  Department  of  Agricul- 
ture, Washington,  D.  C. 

Dear  Sir:— 
The  cominlttee  appolDted  by  the  American  Association  for  the  Advance- 
ment of  Science  to  encourage  researches  on  the  health  and  diseases  of 
plants  are  much  gratified  to  learn  that  they  have  the  hearty  sympathy  of 
the  Commissioner  of  Agricnlture  In  regard  to  this  line  of  investigation 
and  that  it  Is  substantially  shown  in  your  appointment  to  carry  on  such 
work  as  a  part  of  the  regular  dntles  of  the  Department.  The  Committee 
desire  to  express  the  hope  that  you  will  lay  as  broad  foundations  for  future 
work  as  the  great  importance  of  the  subject  demands  and  the  facilities  at 
command  will  permit.  Investigations  of  this  nature  are  for  the  most  part 
difficult  and  consequently  slow  of  results,  but  the  advaoeement  made 
should  be  sure  and  valuable.  As  much  of  the  work  already  accomplished 
in  this  field  has  been  done  by  German  Investigators  and  the  results  rarely 
accessible  to  those  who  do  not  read  that  language,  much  good  could  be  ac- 
complished by  including  In  yonr  reports  among  other  things  papers  upon 
the  present  state  of  our  knowledge  regarding  such  diseases  as  you  may 
select  with  citation  of  literature. 


Quite  a  number  of  communications  have  been  exchanged  be- 
tween members  of  the  Committee  and  Commissioner  Colman  and 
Mr.  Scribner  in  relation  to  the  work  of  the  Department  in  this 
direction.  The  efforts  of  the  Committee  have  resulted  in  bring- 
ing about  the  most  harmonious  relations  between  them  and  the 
Department  of  Agriculture,  and  in  the  establishment  of  a  Section 
of  Mycology  of  the  Division  of  Botany  for  the  investigation  of 
plant  diseases  which  promises  to  become  of  much  scientific  and 
economic  value  to  the  country  at  large. 

It  is  the  desire  of  this   Committee  to  still  further  aid  the  De- 
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partment  of  Agriculture  in  establishing  this  new  work  upon  a  solid 
and  broad  basis. 

Respectfully  submitted, 

J.  C.  Arthur,  Chairman. 

C.  E.  Bessst, 

W.  G.  Farlow, 

T.  J.  BURRILL, 
J.  T.  ROTHROGK, 

W.  J.  Beal, 

C.  H.  Peck, 

Committee. 
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First  report  of  committee  in  relation  to  the  transmission 
OF  botanical  specimens  through  the  mails.  Prof.  Lester 
F.  Ward,  reporter. 


The  undersigned  members  of  the  committee  appointed  by 
the  Section  to  urge  the  amendment  of  the  laws  so  as  to  secure  the 
transmission  of  botanical  specimens  accompanied  by  written  labels 
at  fourth-class  rates  of  postage,  respectfully  report  that  we  waited 
upon  the  Postmaster-general  and  laid  the  matter  before  him'with 
full  explanations  and  received  assurances  that  it  would  receive 
favorable  consideration  ;  that  as  a  result  of  this  action  of  the  com- 
mittee the  Postmaster  General  did  make  the  desired  recommenda- 
tion to  Congress,  which  may  be  found  on  page  15  of  his  Annual 
Report  for  the  fiscal  year  1885-'84 ;  that  the  matter  was  properly 
brought  before  the  Postal  Committee,  but  that  owing  to  the  rush 
of  business  at  the  close  of  the  session  the  clause  embodying  this 
provision  did  not  find  its  way  into  the  appropriation  bill,  which  was 
not  passed  until  the  closing  hours  of  the  session.  The  committee 
has  further  taken  the  liberty  to  call  the  attention  of  the  present 
Postmaster-general  to  the  recommendation  of  his  predecessor  and 
to  urge  its  renewal  by  him  in  his  report  the  present  year,  and  there 
is  little  doubt  that  this  will  be  done. 

Should  the  Association  see  fit  to  continue  this  committee,  noth- 
ing will  be  left  undone  to  consummate  the  desired  change,  which 
seems  to  meet  with  no  active  opposition  from  au}*^  quarter,  and 
the  coming  session  being  a  long  one  it  is  believed  that  the  object 
can  be  accomplished  during  the  next  session  of  Congress. 
Respectfully  submitted, 

Lester  F.  Ward, 

Geo.  Vaset, 

J.  W.  Chickering, 

Committee. 
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Oh  the  effect  upon  the  earth's  velocity  produced  by  small 

BODIES   PASSING  NEAR  THE   EARTH.      By  PfOf.  H.  A.  NeWTON, 

Yale  College,  New  Haven,  Ct. 

[ABSTRACT.] 

The  reasoning  in  the  paper  shows  that  there  is  a  real  effect  upon 
the  motion  of  a  planet  due  to  the  attraction  of  gravitation  between 
small  bodies  and  the  planets,  although  that  effect  is  much  too 
small  to  be  detected  by  observation. 

The  following  theorems  are  established. 

A.  If  a  cylindrical  stream  of  small  bodies  evenly  distributed 
and  all  moving  in  the  same  direction  with  common  velocity  shall 
move  past  the  earth  supposed  to  be  in  the  axis  of  the  cylinder, 
the  small  bodies  by  the  law  of  universal  gravitation  shall  commu- 
nicate to  the  earth  a  velocity  along  the  axis  in  each  unit  of  time : 

(1)  That  shall  be  proportional  to  the  density  of  the  group  : 

(2)  That  shall  decrease  as  the  velocity  increases  varying  very 
nearly  inversely  as  the  square  of  the  velocity : 

(3)  That  shall  increase  with  the  radius  of  the  cylinder,  and  shall 
be  proportional  to  the  logarithm  of  that  radius,  measured  by  a 
unit  that  differs  from  the  earth's  radius  by  a  small  quantity  which 
is  a  function  of  the  velocity. 

Strictly  taken,  if  the  C3^linder  have  an  infinite  radius  the  velocity 
communicated  is  also  infinite ;  but  if  the  radius  be  comparable 
with  measurable  stellar  distances,  the  velocity  communicated  is 
not  large. 

B.  If  a  widely  extended  group  of  small  bodies  evenly  distribu- 
ted through  space  have  absolute  velocities  all  equal  to  each  other 
but  directed  towards  points  evenly  distributed  over  the  surface  of 
the  celestial  sphere,  and  if  the  earth  moves  in  a  right  line  through 
them : 

(1)  A  portion  of  the  bodies  will  come  into  the  earth's  atmos- 
phere and  affect  the  earth's  motion  in  the  manner  of  a  direct  col- 
lision; 

(45) 
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(2)  The  rest  will  pass  by  and  exert  only  an  effect  by  reason  of 
gravitation. 

If  the  earth's  velocity  be  less  tlian  tJuU  of  tlie  bodies^  the  total 
effect  of  the  action  of  the  bodies  of  this  second  class  upon  the 
earth's  motion  will  be  an  exceedingly  minute  acceleration  of  the 
earth's  motion,  even  though  the  extent  of  the  group  is  infinite. 
The  outer  limit  of  the  group,  when  large,  disappears  from  the 
formula  that  expresses  the  acceleration. 

If,  however,  the  earth's  velocity  he  greater  than  that  of  the  bodies 
the  total  effect  of  the  action  of  the  bodies  of  this  second  class  up- 
on the  earth's  motion  will  consist  of  two  parts : 

First,  a  very  minute  retardation  of  the  earth's  motion,  depend- 
ing for  its  amount  upon  the  absolute  velocity  of  the  bodies ; 

Second,  a  retardation  of  the  earth  dependent  for  its  amount 
upon  the  assumed  extent  of  the  group.  If  the  action  of  those 
bodies  which  would  pass  nearer  to  the  earth  than  a  distance  P  be 
considered,  this  second  part  of  the  action  is  proportional  to  the 
logarithm  of  P. 

C.  The  action  of  the  bodies  of  the  first  class  is  manifold  great- 
er than  that  of  the  bodies  of  the  second  class.  And  since  any 
admissible  magnitude  of  meteoroids  would  make  the  effect  which 
those  which  strike  the  moon  exert  upon  the  acceleration  of  the 
moon's  mean  motion  only  an  exceedingly  minute  fraction  of  the 
moon^s  observed  acceleration,  still  less  can  the  action  of  the  me- 
teoroids passing  near  the  moon  have  any  measurable  effect. 


On  the  flexure  of  transit  instruments.    By  Wh.  Harkness, 
U.  S.  Naval  Observatory,  Washington,  D.  C. 

[ABSTRACT.] 

The  author  showed  that 

F  =  y(:)  +  r(:).  (i) 

in  which  F  is  the  correction  for  flexure  to  the  line  of  collimatiou 
when  the  zenith  distance  of  the  latter  is  C,  and  ^  (C)  and  ^^(C)  are 
two  undetermined  functions  of  the  zenith  distance,  the  generality 
of  which  will  not  be  impaired  if  both  are  assumed  to  be  of  the  form 
Oi  sin  :  +  61  cos  C  +  a,  sin  2Z  +  6,  cos  2Z  -{-  etc.  (2) 

By  dropping  from  (2)  such  terms  as  must  vanish  in  order  that 
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9»(C)  and  ^^(C)  may  fulfil  certain  necessaiy  conditions,  the  latter 
functions  take  the  forms 

9?(C)  =  zt  hi  cos  C  rfc  ^2  sin  2C  dr  o^a  sin  SC  ±i  etc.  (3) 

r(C)  =  a"  sin  2:  +  a»^  sin  4:  +  a^*  sin  6:  +  etc.  (4) 

Then  from  (1),  (3)  and  (4) 

F  =  ±  6i  cos  C  +  (a**  db  O2)  sin  2^  ±  ctg  sin  3C 

+  («*''  =b  ^4)  sin  4C  ifc  ds  sin  5C  +  etc.  (5) 
^here  the  upper  signs  must  be  taken  when  the  clamp  is  west,  and 
the  lower  when  it  is  east. 

It  is  probable  that  in  practice  the  first  two  terms  of  (5)  will  suf- 
fice to  give  F  with  all  desirable  accuracy ;  and  if  so,  61,  a^  and  o" 
are  the  only  coefiScients  which  demand  attention.     The  method  of 
determining  the  values  of  &i,  and  Oj  was  explained,  and  then  the 
results  of  the  discussion  were  summed  up  as  follows : 

1. — The  sole  condition  capable  of  insuring  the  rigorous  perpen- 
dicularity of  the  line  of  collimation  to  the  axis  is  that  the  reversal 
of  the  telescope  shall  not  affect  the  action  of  gravity  upon  any  of 
its  parts.  This  condition  is  fulfilled  only  when  the  telescope  is 
pointed  either  to  the  zenith  or  to  the  nadir,  and  for  any  other  po- 
sition the  line  of  collimation  is  not  in  general  perpendicular  to 
the  axis. 

2. — For  the  zenith  distance  at  which  it  was  determined,  the  line 
of  collimation  possesses  the  essential  properties  of  a  line  perpen- 
dicular to  the  axis  in  so  far  that  its  direction  is  unaffected  by  re- 
versing the  telescope,  and  if  it  coincides  with  the  meridian  on  one 
side  of  the  zenith,  it  will  also  coincide  with  it  at  the  same  altitude 
on  the  other  side  of  the  zenith,  provided  no  error  of  level  exists. 

3. — The  flexure  is  made  up  of  two  parts,  f  (5^)  and  s^(r).  The 
numerical  coeflJcients  in  ^(C)  can  readily  be  determined  from  ob- 
servations upon  two  collimators ;  but  that  process  fails  completely 
for  the  coeflflcients  in  9''(»),  and  the  only  wa}^  of  estimating  them 
seems  to  be  by  star  transits  reduced  upon  the  assumption  that  the 
star  places  are  rigorously  accurate. 

4. — The  correction  for  flexure  can  be  thrown  upon  either  the 
azimuth,  the  level,  or  the  collimation,  as  may  suit  the  convenience 
of  the  computer. 

5. — When  the  flexure  can  be  expressed  by  a  single  term,  it  is 
generally  most  convenient  to  throw  the  correction  for  it  upon  the 
level.  The  corresponding  collimation  constant  will  then  belong 
to  the  horizontal  position  of  the  telescope. 
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6. — When  the  expression  for  flexure  consists  of  two  or  more 
terms,  it  is  best  to  throw  the  correction  for  it  upon  the  collimation. 
The  constant  part  of  the  latter  will  then  be  its  value  for  the  hori- 
zontal position  of  the  telescope. 


Description  of  a  printing    chronograph.      By  Prof.   6.  W. 
Hough,  Director  of  the  Dearborn  Observator3\ 

About  the  3'ear  1848,  the  idea  of  recording  astronomical  obser- 
vations by  the  use  of  galvanic  electricity  was  put  in  successful 
operation  by  different  individuals.  Since  that  time  chronographs 
of  various  forms  have  been  constiiicted  for  recording  in  a  legible 
manner  on  a  moving  sheet  of  paper  the  time  of  any  phenomena 
observed.  The  great  simplicity,  in  point  of  accuracy  and  saving 
of  labor  over  the  eye  and  ear  methoil  formerly  used,  led  to  the 
almost  general  adoption  of  the  new  plan. 

Notwithstanding  the  great  value  of  the  recording  chronograph, 
the  large  amount  of  labor  involved  in  the  conversion  of  the  records 
into  numbers,  early  led  astronomers  to  consider  the  feasibility  of 
an  instrument  which  should  at  once  print  with  type  the  time  of 
the  observation. 

From  a  casual  consideration  of  the  subject  it  might,  at  first  sight, 
appear  to  be  an  easy  matter  to  substitute  type  wheels  in  place  of 
the  revolving  cylinder  of  an  ordinary  chronograph,  from  which 
impressions  could  be  taken,  but  when  we  attempt  the  practical 
construction  of  such  an  apparatus  many  difficulties  are  met,  which 
were  not  before  suspected. 

The  construction  of  any  form  of  printing  chronograph  is  a  prob- 
lem of  great  difficulty,  and  will  require  a  good  deal  of  experimental 
work  on  the  part  of  the  inventor ;  at  least  such  has  been  my  expe- 
rience. In  the  year  1871,  I  constructed  a  printing  chronograph 
at  the  Dudley  Observatory  which  was  in  constant  use  for  a  period 
of  three  years.  This  machine,  although  somewhat  cumbersome, 
was  eminently  successful,  both  in  point  of  accuracy  and  reliability  ; 

vec. 

the  probable  error  of  a   single  impression   being   0.   013.     The 
type  wheels,  however,  were  somewhat  troublesome  to  keep  in  order, 
as  they  were  made  by  soldering  electrotype  strips  of  copjwr  on 
brass  disks  and  required  renewal  once  a  year  or  oftener. 
In  the  construction  of  the  present  machine  I  have  followed  my 
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former  method  in  the  general  design  of  the  apparatus,  but  have  in 
many  respects  modified  the  mechanical  construction  of  its  different 
parts. 

For  a  clear  understanding  of  the  mechanism,  elaborate  drawings 
would  be  necessary ;  I  shall,  therefore,  merely  give  a  general  ac- 
count of  its  construction  and  peculiarities. 

The  machine  consists  of:  first,  a  system  of  clockwork  carrying 
a  type-wheel  with  fifty  numbers  on  its  rim,  revolving  once  every 
second,  one,  two,  or  parts  of  two  numbers  being  always  printed, 
so  that  hundredths  of  seconds  may  be  indicated.  This  train  is 
primarily  regulated  to  move  uniformly  by  the  Frauenhofer  friction 
balls,  and  secondarily,  by  an  electro-magnet  acting  on  the  fast-run- 
ning type-wheel  and  controlled  by  the  standard  clock.  This  train 
is  entirely  independent  and  can  be  stopped  at  pleasure  without 
interfering  with  the  other  type- wheels.  Second,  a  system  of  clock- 
work consisting  of  three  or  more  shafts  carrying  type-wheels  indi- 
cating minutes  and  seconds.  The  motion  of  this  train  is  also 
governed  by  an  electro-magnet  controlled  by  the  standard  clock, 
operating  an  escapement  in  a  manner  analogous  to  the  action  of 
an  ordinary  clock ;  every  motion  of  the  escapement  advancing  the 
type  one  number. 

There  are  three  type-wheels  indicating  minutes,  seconds  and 
hundredths  of  seconds.  The  integer  seconds  are  advanced  at  every 
oscillation  of  the  sidereal  clock  pendulum  ;  and  the  minute,  at  the 
end  of  each  complete  revolution  of  the  seconds  wheel. 

In  front  of  the  type-wheels  is  placed  a  spool  of  paper,  two  inches 
in  width,  which  is  passed  over  the  tops  of  the  type  and  drawn  be- 
tween two  brass  rollers.  Behind  the  type-wheels  inking  rollers 
rest  lightly  against  their  rims.  Just  behind  the  paper  spool  is  a 
large  electro-magnet  of  one  ohm  resistance,  the  armature  of  which 
carries  three  flexible  arms  to  which  the  hammers  are  attached  for 
making  the  impression.  The  fillet  of  paper,  in  passing  over  the 
type-wheels,  is  supported  on  a  stage  and  held  above  the  type. 
When  the  armature  of  the  printing  magnet  is  pressed  gently  down, 
the  hammers  stand  about  one-half  inch  away  from  the  type ;  the 
impression  being  made  from  the  vibration  of  the  arm  and  not  by  a 
direct  blow.  In  the  act  of  printing  none  of  the  type-wheels  are 
stopped,  the  impressions,  therefore,  may  follow  each  other  as  rap- 
idly as  the  electro-magnet  can  be  operated.  If  the  impression  is 
made  when  the  integer  second  is  in  the  act  of  changing,  parts  of 
A.  A.  A.  s.,  VOL.  xxxrv.  4 
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two  numbers  are  printed.  In  case  the  hundredths  read  ninety-six 
to  ninety-eight,  the  smallest  seconds  is  the  correct  one.  There  is 
no  ambiguity.  The  fillet  of  paper  is  advanced  one-third  inch  when- 
ever an  impression  is  made,  and  by  the  use  of  a  duplicate  key,  it 
may  be  advanced  at  any  time  so  as  to  leave  a  blank  space  of  any 
desired  amount  between  the  records  for  different  stars. 

In  the  present  machine  the  types  were  engraved  on  solid  brass 
wheels  which  were  previously  spaced  on  a  gear  cutter.  The  types 
are  inked  by  means  of  small  wooden  rollers  covered  with  cloth 
and  resting  against  their  rims ;  when  the  machine  is  inregularnise 
fresh  ink  is  necessary  about  once  in  two  days,  or  impression  ribbon 
may  be  used.  The  type-wheels  are  readily  set  to  indicate  the  time 
of  the  standard  clock,  the  time  necessary  for  this  operation  being 
about  two  minutes.  For  regular  meridian  work,  the  type  may  be 
set  for  integer  seconds  of  mean  R.  A.  which  saves  the  trouble  of 
carrying  a  large  clock  error  through  all  the  successive  steps  of 
reduction.  In  my  former  machine  the  blow  for  printing  was  done 
by  a  hammer  which  was  elevated  by  a  heavy  train  of  clock  work. 
In  the  present  machine  this  clock  work  is  dispensed  with,  the  blow 
being  delivered  directly  by  an  electro-magnet.  The  invention  of 
the  storage  battery  has  made  this  method  practicable  which  before 
was  not.  I  u  se  three  storage  cells,  each  having  an  electro-motive  force 
of  two,  and  a  resistance  of  0.3  to  0.4  ohms,  being  about  the  equiv- 
alent of  an  ordinary  Grove ;  all  these  cells  are  charged  by  eight 
small  gravity  elements  having  a  resistance  of  from  seven  to  ten 
ohms  each,  depending  on  the  condition  of  the  battery.  By  charg- 
ing the  storage  cells  separately,  three  ordinary  gravity  elements 
would  be  sufficient.  The  small  gravity  battery  is  kept  constantly 
connected  with  the  storage  cells,  all  being  arranged  in  series,  so 

that  the  connections  with  the  chronograph  and  other  apparatus 
need  not  be  disturbed. 

The  printing  chronograph  is  eminently  a  labor-saving  machine* 
Any  one  who  possesses  such  an  apparatus  will  find  it  a  luxury 
to  make  transit  observations,  since  one  is  saved  the  mechanical 
di'udgery  of  reading  off  and  copying  the  record  sheets. 

In  any  observatory  where  systematic  meridian  work  is  done,  I 
presume  the  cost  of  reading  off  and  copying  the  chronograph  sheets 
would  amount  to  at  least  one  thousand  dollars  annually.  A  large 
proportion  of  this  outlay  can  be  saved  by  the  use  of  a  printing 
instrument. 
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On  a  rabb  BUN-SPOT  OBSEBYED  Mat  19,  21,  22,  1885.    By  Prof. 
David  P.  Todd,  Lawrence   Observatory,  Amherst,  Mass. 


The  audible  cibcle  ;  a  new  device  whebeb  the  settings  of 
an  astbonohical  instbument  mat  be  made  bt  the  eab. 
By  Prof.  D.  P.  Todd,  Lawrence  Observatory,  Amherst,  Mass. 


The  visible  shadow  of  the  earth.    By  Prof.  John  Haywood, 
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Observations  on  invisible  heat-spectra  and  the  recognition 
OF  hitherto  unmeasured  wave-lengths,  made  at  the  Alle- 
gheny Observatory.  By  Prof.  S.  P.  Langlet,  Allegheny, 
Pa. 

It  is  known  to  all,  that  the  surface  temperature  of  this  planet 
depends  upon  the  properties  of  radiant  heat  and  the  relation  to 
them  of  the  action  of  its  atmosphere.  It  has  been  usual  to  com- 
pare this  action  to  that  of  the  glass  cover  of  a  hot-bed ;  for  glass 
it  is  also  well  known,  grows  opaque  to  dark  heat,  and  continuously 
so,  as  its  wave-length  increases,  thus  letting  the  solar  light-heat 
pass  freely  through  it  to  the  soil,  while  it  is  comparatively  imper- 
vious to  the  dark  heat  returned  from  the  latter ;  but  this  analogy 
must  not  be  interpreted  too  literally.  Whether  the  atmosphere 
is  pervious  to  the  soil's  heat  we  do  not  here  discuss,  but  it  has  of 
late^  been  shown  that  the  air  does  not  behave  otherwise  like  glass 
as  it  was  supposed  to  do,  but  grows, — not  more  opaque — but  more 
transmissible,  to  doZar  heat,  up  to  its  greatest  observed  wave-length, 
and  that  hence  our  views  of  the  nature  of  the  yet  uncomprehended 
heat-storing  action  which  maintains  organic  life  on  the  earth  must 
be  modified.  The  little  that  the  spectroscope  tells  us  about  the 
atmospheres  of  other  planets,  leads  us  to  think  that  we  can  best 
understand  their  relations  to  solar  energy  by  studying  the  atmos- 
phere of  our  own ;  for  our  non-comprehension  of  these  relations 
is  largely  due  to  our  ignorance  of  certain  physical  data  which  have 
never  yet  been'^obtained. 

It  is  thus  that  the  present  research,  though  belonging  to  a  de- 
partment of  astronomical  science,  depends  so  much  on  the  solution 
of  certain  physical  problems,  that  I  cannot  regret  that  it  has  been 
referred  to  this  section,  or  that  it  is  chiefiy  to  an  audience  of  phys- 
icists that  I  have  the  opportunity  to  submit  it. 

While  the  general  question  for  the  physical  astronomer  then,  is 
"  What  kind  of  transformation  does  the  solar  energy  suffer  at  the 

1  See  ProfeflAioual  Papei't  of  U.  S.  Signal  Service,  No,  15,  EzpediUon  to  Mount 
Wbitnej. 
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surface  of  any  planet? '^  we  here  seek  a  reply  to  the  simpler  pre- 
liminary one  ^*  What  are  the  wave-lengths  of  heat  from  non-Iami- 
nous  sources,  such  as  the  soil  of  this  planet?"  a  question  which 
has  never  been  answered,  because  there  have  been  no  means  of 
recognizing  this  heat  when  drawn  out  into  a  spectrum ;  indeed  we 
so  habitually  associate  the  idea  of  a  spectrum  with  that  of  light, 
that  there  is  a  certain  strangeness,  at  first  in  the  idea  even,  of  a 
"spectrum"  formed  by  a  cold  body  like,  for  instance,  ice.  Yet 
the  ice  surface  must  not  only  be  capable  of  radiating  heat  to  a  still 
colder  body,  but  according  to  our  present  conceptions  of  radiant 
energy,  be  capable  of  giving  a  spectrum,  whether  we  can  recog- 
nize it  or  not.  It  is  the  object  of  the  present  paper  to  describe 
the  actual  formation  of  such  spectra,  and  the  recognition  of  their 
heat  in  approximate  terms  of  wave-lengths. 

To  distinguish  between  these  new  regions  of  research  and  the 
older  ones,  let  us  briefly  summarize  our  actual  information  about 
wave-lengths,  since  on  the  latter  the  whole  question  largely  turns, 
and  each  extension  of  it,  we  may  agree,  is  a  step  toward  an  inter- 
pretation of  everything  about  the  constitution  of  the  universe 
which  radiant  energy  may  have  to  tell  us.  Thus  there  is  no  exact 
relation  known  between  the  periods  of  vibration  of  certain  mole- 
cules in  the  sun  and  the  angles  through  which  the  rays  announc- 
ing them,  are  refracted  by  a  prism,  while  the  wave-lengths  of  these 
rays,  if  known,  are  capable  of  giving  us  quite  other  intelligence. 

Yet  our  knowledge  even  of  the  wave-lengths  of  light  is  com- 
paratively recent,  since  it  was  only  at  the  beginning  of  this  cen- 
tury that  the  labors  of  Thomas  Young  brought  the  undulatory 
theory  itself  from  the  disfavor  in  which  it  had  lain,  and  the  me- 
moirs in  which  Fraunhofer  gave  the  first  relatively  full  and  accurate 
measures  of  the  wave-lengths  of  light  date  no  farther  back  than 
1814. 

The  measures  of  Newton,  interpreted  in  terms  of  the  present 
theory,  gave  the  length  of  the  extreme  violet  waves  at  -nr.xHrVvinr 
of  an  inch,  and  of  the  extreme  red  at  T?j,Tjo%?irffTy»  or  in  millimetres 
0.00042  mm.  and  0.00067  mm.  respectively,  numbers  nearly  cor- 
responding with  the  lines  H  and  B,  while  Fraunhofer's  own  values 
are  comprised  between  0.00086  mm.  and  0.00075  mm.  More  re- 
cently the  range  of  vision  has  been  still  more  extended,  by  the  use 
of  the  fiuorescent  e3'epiece  of  Soret,  while  by  the  aid  of  photog- 
raphy and  the  employment  of  quartz  trains,  solar  radiations  of  a 
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wave-length  of  about  0.29  ii  have  been  observed,^  and  rays  whose 
wave-length  is  as  little  as  0.185  ijl  have,  it  is  said,  been  observed 
from  the  induction  spark. 

Our  atmosphere  cuts  off  the  ultra  \aolet  rays  of  a  length  less 
than  about  0.29  /i,  while  I  have  found  it  not  very  difficult  to  see 
below  Fraunhofer's  great  A,  lines  whose  wave-length  is  about 
0.81  fi.  The  extreme  range  of  the  normal  eye  then,  is  from  about 
0.00036  to  0.00081  mm.  or  a  little  over  one  octave,  though  the 
statement  that  the  range  of  the  eye  is  less  than  one  octave  is  still 
commonly  made. 

Fraunhofer's  first  measures  were  made  with  a  literal  grating 
composed  of  parallel  strands  of  wire,  while  the  successive  labors 
of  Nobert,  Rutherfurd  and  Rowland  have  placed  in  the  hands  of 
physicists  instruments  of  constantly  increasing  power,  which  have 
finally  reached  what  seems  nearly  theoretical  perfection  at  the 
hands  of  the  two  latter.  It  is  with  the  now  so  well  known  grat- 
ings of  Professor  Rowland  that  the  direct  measures  of  wave- 
lengths in  the  solar  heat  spectrum  I  have  already  made  public^ 
have  been  chiefly  executed. 

In  Plate  1  we  have  a  necessarily  condensed  representation  of 
the  whole  spectrum,  visible  and  invisible,  on  the  normal  scale,  the 
distances  being  proportional  to  the  wave-lengths  observed.  The 
inferior  limit  being  0,  we  have  at  (a)  the  number  0.18  /x  (eighteen 
one-hundred  thousandths  of  a  millimetre)  which  represents  the 
shortest  measured  in  the  electric  spark  from  aluminum.  Next 
near  0.29  /i  (5)  we  have,  according  toM.  Cornu,  the  shortest  solar 
ray  which  penetrates  our  atmosphere ;  near  0.35  /i  (c),  in  the  ultra 
violet,  is  the  shortest  wave  which  can  be  seen  by  the  naked  eye, 
and  nearly  the  shortest  which  can  pass  t'lrough  glass,  while  near 
0.81  fi  (d)  in  the  extreme  red,  is  nearly  the  longest  which  the  eye 
can  observe.  The  entire  visible  spectrum  on  the  normal  scale  is,  it 
will  be  seen,  insignificant  in  comparison  with  that  great  infra-red 
region  which  is  so  important  to  us,  and  of  which  we  know  so  very 
little.  It  has  been  known  since  the  time  of  the  first  Herschel  that 
heat  rays  existed  below  the  range  of  vision,  but  of  their  wave- 
lengths nearly  nothing  has,  till  lately,  been  ascertained,  partly  for 
want  of  sufficiently  delicate  heat-recognizing  apparatus,  and  still 

•  (1.0  Ms=  0.001  mm.) 

•NatioDal  Academy  of  Sci«ace,  1883.   Am.  Joar.  of  Science,  Mai'cli,  1884. 
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more  from  the  fact  that  it  is  diflScuIt  to  use  the  grating  here,  owing 
to  the  overlapping  spectra,  and  to  the  consequent  necessity  we  have 
till  lately  been  under,  of  separating  these  rays  only  by  the  prism, 
which  gives  no  measure  of  their  wave-lengths.  Physicists  have 
accordingly  attempted  to  find  these,  by  observing  what  deviations 
correspond  to  known  wave-lengths  in  the  visible  portion,  and  by 
trying  to  determine  from  theoretical  considerations,  what  relations 
should  obtain  in  the  infra-red,  but  the  various  formulae  by  which 
these  supposed  relations  have  been  expressed  have  not  till  lately 
been  tested.  The  difficulty  has  been  partly  overcome  in  the  last 
few  years,  by  the  application  of  the  linear  bolometer  to  the  spec- 
trum formed  by  the  concave  gratings  with  which  Professor  Row- 
land has  furnished  us ;  the  deviations  of  the  heat  rays  having  first 
been  observed  and  the  principal  lines  of  the  infra-red  region 
mapped  by  the  joint  use  of  the  bolometer  and  a  fiint  glass  prism, 
in  1881.  It  will  be  remembered  that  one  of  the  best  known  for- 
mnlse  on  which  physicists  till  lately  relied  for  determining  the  rela- 
tions of  wave-lengths  to  deviations  was  Cauchy's ;  that  this  set  an 
absolute  limit  to  the  wave-length  which  any  prism  could  under  any 
circumstances  discriminate,  and  that  this  supposed  extreme  wave- 
length was  somewhere  between  10,000  and  15,000  on  Angstrom's 
scale.  Besides  this  theoretical  limit,  it  was  supposed  that  glass 
absorbed  dark  heat,  to  such  an  extent,  that  the  longer  solar  heat 
Ivaves  would  be  stopped  in  the  substance  of  the  prism,  even  were 
there  no  other  obstacle. 

In  1881 ,  however,  we  found  at  Allegheny  by  actual  trial,  that  heat 
waves  whose  wave-length  was  far  in  excess  of  the  theoretical  limit, 
passed  through  a  flint  glass  prism,  so  that  it  was  ascertained  that 
common  glass  was  nearly  diathermanous  to  all  the  dark  heat  which 
comes  to  us  from  the  sun.  By  means  of  a  glass  prism  and  the 
bolometer,  we  were  thus  able  to  pursue  our  researches  and  map  the 
infra-red  or  invisible  solar  spectrum  to  a  point  where  it  actually 
came  to  an  end.  What  the  wave-length  of  this  point  was  we 
could  not  tell,  for  it  lay  entirely  outside  of  what  theory  had  till 
then  pronounced  possible. 

Next,  using  the  grating,  we  have  at  Allegheny  determined  the 
wave-lengths  of  most  of  the  newly  discovered  solar  heat  region, 
by  direct  observation,  and  shown  that  it  extended  to  the  unantici- 
pated length  of  2.7  m  (€,  Plate  I)  (i.  c,  27,000  on  Angstrom's 
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Bcale).^    I  cite  these  facts,  which  have  already  been  published,  to 
bring  as  up  to  the  point  where  the  present  researches  begin. 

The  question  now  arises,  "  Does  this  ultimate  observable  wave- 
length of  solar  heat  of  2/x.7,  which  our  atmosphere  transmits, 
correspond  to  the  lowest  which  can  be  obtained  from  any  terres- 
trial source,  or  are  the  wave-lengths  emitted  from  our  planet  tow- 
ards space,  even  greater,  and  conceivably  such  that  our  atmosphere 
is  nearly  athermanous  to  them  ?*'  To  answer  this  it  becomes  necessary 
to  do  what  I  think  has  not  been  attempted  before  ;  to  take  a  source 
of  very  low  temperature,  comparable  to  that  of  the  soil,  and  not 
only  to  measure  its  extremely  feeble  invisible  heat,  but  to  draw 
this  out  into  a  spectrum  by  means  of  the  prism  or  grating,  and 
to  determine  the  indices  of  refraction  of  its  prominent  parts,  and 
by  inference,  their  wave  lengths.  We  have  now  been  engaged  on 
this  research  at  Allegheny  at  intervals  for  two  years,  a  time  which 
will  not  appear  extravagant  to  one  acquainted  with  its  extreme 
difficulties.  Not  to  dwell  on  these  in  detail,  I  will  mention  only 
that  the  grating  can  not  well  be  used  on  account  of  its  overlapping 
spectra,  if  for  no  other  reason,  and  that  the  most  transparent  glass, 
which  we  have  found  to  be  comparatively  diathermanous  to  dark 
solar  heat,  turns  out  to  be  almost  absolutely  athermanous  to  the 
heat  fVom  a  surface  at  the  temperature  of  boiling  water. 

Glass  being  useless  here,  almost  the  only  material  of  which  we 
can  form  our  prism  is  rock-salt,  and  we  must  have  not  only  an 
entire  train  of  lenses  (both  collimating  and  observing)  of  salt,  as 
well  as  the  prism,  but  the  pieces  must  be  of  exceptional  size,  pur- 
ity and  perfection  of  figure,  to  contend  with  these  special  difficulties, 
and  they  must  be  maintained  in  condition,  in  spite  of  the  incessant 
deterioration  of  this  substance.  Finally,  as  we  wish  to  determine 
wave-lengths,  these  measures  must  be  very  accurate,  and  the  prism 
be  capable  of  giving  fixed  points  of  reference  like  the  visible 
Fraunhofer  lines.  The  best  salt  prisms  I  could  get  in  Europe 
scarcely  showed  a  single  Fraunhofer  line,  and  the  best  known 
European  makers  have  assured  me  that  no  rock-salt  prism  ever  did 
or  could  do  more.  I  spent  a  long  time  in  searching  for  good  pieces 
of  rock-salt,  the  best  I  have  being  due  to  the  kindness  of  Prof.  C. 
S.  Hastings,  and  I  am  happy  to  say  that  the  skill  of  our  American 
opticians  has  produced  what  was  pronounced  impossible, — a  pnsm 
of  rock-salt  which  shows  the  Fraunhofer  lines  with  the  sharpness 

«  The  other  portions  of  thU  flgare  wUl  be  described  later. 
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of  one  of  flint  glass.  Sach  prisms  have  been  made  for  as  by 
Messrs.  A.  Clark  &  Sons  of  Cambridge,  and  Mr.  J.  A.  Brashear  of 
Pittsburgh.  The  one  we  are  now  using  is  made  by  the  latter,  and 
when  freshly  polished,  gives  a  spectrum  not  only  filled  with  hun- 
dreds of  Fraunhofer  lines,  but  which  shows  distinctly  the  nickel 
line  between  the  D's,  and  is  probably  the  finest  one  ever  produced 
fi*om  this  material.  A  more  particular  description  of  it  is  given 
later,  and  I  wish  to  say  that  this  task  would  have  been  almost  im- 
possible, were  it  not  for  our  good  fortune  in  having  in  the  neigh- 
borhood, an  optician  of  Mr.  Brashear's  skill. 

Such  measures  on  the  collective  heat  of  black  bodies  as 
those  of  Melloni  and  Tyndall  have  been  made  on  large  ra- 
diating surfaces,  like  those  of  the  Leslie  cube,  but  in  order 
to  form  a  spectrum,  of  this  as  of  any  other  source,  we  must, 
of  course,  take  only  such  a  limited  fraction  of  the  side  of  the  cube 
as  is  represented  by  a  narrow  spectroscope  slit ;  so  that  both  from 
its  minute  amount  and  feeble  intensity  (even  if  we  can  pass  it 
through  a  prism,  to  form  a  spectrum),  it  is  absolutely  inappreciable, 
in  anything  like  homogeneous  portions,  to  the  most  delicate  ther- 
mopile, and  difficult  of  attack  even  by  the  bolometer. 

We  have  employed  as  radiating  surfaces,  Leslie  cubes  covered 
with  lampblack  and  filled  with  boiling  water  or  aniline,  the  former 
giving  a  radiating  surface  of  a  temperature  of  100°  C,  the  latter 
one  of  ITS'*  C.  and  also  cubes  filled  with  freezing  mixtures,  with 
the  latter  of  which  Mr.  F.  W.  Very  of  this  observatory  conducted 
in  the  cold  days  of  last  March,  one  series  of  measures  in  which  the 
radiator  was  the  bolometer  itself,  at  a  temperature  of  — 2°C.  and 
the  source  radiated  to,  a  vessel  filled  with  a  mixture  of  salt  and 
snow  at  the  temperature  of  — 20°  C,  thus  determining  the  distri- 
bution of  energy  in  the  spectrum  of  a  surface  below  the  freezing 
point  of  water.  The  Leslie  cube  used  in  these  experiments  was  filled 
either  with  a  freezing  mixture  or  with  water,  kept  gently  boiling 
by  a  Bunsen  burner  underneath;  or  again,  when  measurements 
from  a  source  at  an  exactly  determinable  higher  temperature  were 
desired,  with  aniline,  which  has  a  boiling  point  of  about  178°  C. 
A  condensing  apparatus  connected  with  the  cube,  in  the  latter  case 
prevented  the  escape  of  the  aniline  vapor.  It  was  also  found 
possible  to  keep  the  cube  at  any  intermediate  temperature  within 
suflSciently  naiTOW  limits  by  properly  acyusting  the  flame. 

The  apparatus  is  shown  in  Plate  2.  Between  the  blackened 
fiide  of  the  Leslie  cube  C  and  the  spectrometer  slit  S,  were  inter- 
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posed  a  large  pasteboard  screen  (a)  and  a  flat  copper  vessel  (fi)  filled 
with  broken  ice,  both  pierced  with  apertures  slightly  larger  than  the 
slit,  to  allow  the  passage  of  the  rays,  and  the  exposures  were  made 
by  withdrawing  a  third  hollow  screen  (c)  made  of  copper  and 
filled  with  ice,  which  cut  off  the  radiation  of  the  cube  from  the 
slit  when  it  was  in  place. 

The  train  for  forming  the  spectrum  upon  the  bolometer  face  con- 
sisted of  two  rock-salt  lenses  L,  L  and  a  rock-salt  prism  P.  Each 
lens  is  75  mm.  in  diameter  and  350  mm.  focus  for  visible  rays. 
For  the  infra-red  rays  maasured  on,  the  focus  is  from  one  to  two 
centimetres  greater  than  this.  The  prism  is  made  from  an  unusu- 
ally perfect  piece  of  rock-salt,  and  is  64  mm.  on  a  side.  With 
this  train,  composed  entirely  of  rock-salt,  and  an  ordinary  eye- 
piece, the  Fraunhofer  lines  are  very  distinctly  visible  in  either 
sunlight  or  moonlight.  The  lenses,  prism,  slit  and  other  parts  of 
the  train  were  mounted  upon  the  large  spectrometer  (described  in 
the  Am.  Journal  of  Science,  Vol.  XXV,  1883,  and  in  the  Mt. 
Whitney  Report,  Chapter  XI). 

To  illustrate  the  use  of  the  apparatus,  we  give  below  in  detail 
the  observations  of  March  20,  1885,  for  determining  the  form  of 
the  energy  curve  in  the  spectrum  of  a  Leslie  cube  at  178''  C.  The 
temperature  of  the  room  was  — 7^  C,  so  that  the  excess  of  the 
temperature  of  the  cube  over  that  of  the  room  was  185^  C. 

The  reading  of  the  circle  was  made  0^0'  0''  when  the  spectrometer 
arms  were  in  line,  and  the  direct  image  of  the  slit  fell  on  the 
bolometer.  The  prism  was  then  placed  on  its  table,  the  automatic 
minimum  deviation  apparatus  connected,  and  the  prism  set  to 
minimum  deviation  by  a  sodium  flame  held  in  front  of  the  slit. 
The  deviation  of  the  ray  falling  upon  the  bolometer  was  then  given 
directly  by  the  circle  reading  to  10". 

The  bolometer  used  was  2  mm.  wide,  and  consequently  sub- 
tended an  angle  of  about  20'  in  the  spectrum.  After  adjusting  the 
prism*  the  slit  was  opened  to  the  same  width.  A  secondary  object 
of  the  experiment  was  the  determination  of  the  transmission  of 
rock-salt  in  different  parts  of  the  spectrum,  and  for  this  purpose 
a  plate  of  polished  rock-salt,  whose  thickness  was  9.1  mm.,  was 
interposed  at  the  slit,  after  each  deflection  obtained  in  the  ordinary 
manner,  the  plate  being  allowed  to  remain  in  each  case  till  the 
bolometer  had  registered  the  heat  due  to  radiations  from  the  salt 
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Observations  on  inyisiblb  heat-sfectra  and  the  recognition 
OF  hitherto  unmeasured  wave-lengths,  made  at  the  Alle- 
gheny Observatory.  By  Prof.  S.  P.  Langlet,  Allegheny, 
Pa. 

It  is  known  to  all,  that  the  surface  temperature  of  this  planet 
depends  upon  the  properties  of  radiant  heat  and  the  relation  to 
them  of  the  action  of  its  atmosphere.  It  has  been  usual  to  com- 
pare this  action  to  that  of  the  glass  cover  of  a  hot-bed  ;  for  glass 
it  is  also  well  known,  grows  opaque  to  dark  heat,  and  continuously 
so,  as  its  wave-length  increases,  thus  letting  the  solar  light-heat 
pass  freely  through  it  to  the  soil,  while  it  is  comparatively  imper- 
vious to  the  dark  heat  returned  from  the  latter ;  but  this  analogy 
must  not  be  interpreted  too  literally.  Whether  the  atmosphere 
is  pervious  to  the  soil's  heat  we  do  not  here  discuss,  but  it  has  of 
late^  been  shown  that  the  air  does  not  behave  otherwise  like  glass 
as  it  was  supposed  to  do,  but  grows, — not  more  opaque — but  more 
transmissible,  to  soZar  heat,  up  to  its  greatest  observed  wave-length, 
and  that  hence  our  views  of  the  nature  of  the  yet  uncomprehended 
heat-storing  action  which  maintains  organic  life  on  the  earth  must 
be  modified.  The  little  that  the  spectroscope  tells  us  about  the 
atmospheres  of  other  planets,  leads  us  to  think  that  we  can  best 
understand  their  relations  to  solar  energy  by  studying  the  atmos- 
phere of  our  own ;  for  our  non-comprehension  of  these  relations 
is  largely  due  to  our  ignorance  of  certain  physical  data  which  have 
never  yet  been^obtained. 

It  is  thus  that  the  present  research,  though  belonging  to  a  de- 
partment of  astronomical  science,  depends  so  much  on  the  solution 
of  certain  physical  problems,  that  I  cannot  regret  that  it  has  been 
referred  to  this  section,  or  that  it  is  chiefly  to  an  audience  of  phys- 
icists that  I  have  the  opportunity  to  submit  it. 

While  the  general  question  for  the  physical  astronomer  then,  is 
"  What  kind  of  transformation  does  the  solar  energy  suffer  at  the 

^See  Frofeesioual  Papers  of  U.  S.  Signal  Service,  No.  15,  Expedition  to  Mount 
Whitney. 
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surface  of  any  planet?"  we  here  seek  a  reply  to  the  simpler  pre- 
liminary one  ^*  What  are  the  wave-lengths  of  heat  from  non-lumi- 
nous sources,  such  as  the  soil  of  this  planet?"  a  question  which 
has  never  been  answered,  because  there  have  been  no  means  of 
recognizing  this  heat  when  drawn  out  into  a  spectrum ;  indeed  we 
so  habitually  associate  the  idea  of  a  spectrum  with  that  of  light, 
that  there  is  a  certain  strangeness,  at  first  in  the  idea  even,  of  a 
"spectrum"  formed  by  a  cold  body  like,  for  instance,  ice.  Yet 
the  ice  surface  must  not  only  be  capable  of  radiating  heat  to  a  still 
colder  body,  but  according  to  our  present  conceptions  of  radiant 
energy,  be  capable  of  giving  a  spectrum,  whether  we  can  recog- 
nize it  or  not.  It  is  the  object  of  the  present  paper  to  describe 
the  actual  formation  of  such  spectra,  and  the  recognition  of  their 
heat  in  approximate  terms  of  wave-lengths. 

To  distinguish  between  these  new  regions  of  research  and  the 
older  ones,  let  us  briefly  summarize  our  actual  information  about 
wave-lengths,  since  on  the  latter  the  whole  question  largely  turns, 
and  each  extension  of  it,  we  may  agree,  is  a  step  toward  an  inter* 
pretation  of  everything  about  the  constitution  of  the  universe 
which  radiant  energy  may  have  to  tell  us.  Thus  there  is  no  exact 
relation  known  between  the  periods  of  vibration  of  certain  mole- 
cules in  the  sun  and  the  angles  through  which  the  rays  announc- 
ing them,  are  refracted  by  a  prism,  while  the  wave-lengths  of  these 
rays,  if  known,  are  capable  of  giving  us  quite  other  intelligence. 

Yet  our  knowledge  even  of  the  wave-lengths  of  light  is  com- 
paratively recent,  since  it  was  only  at  the  beginning  of  this  cen- 
tury that  the  labors  of  Thomas  Young  brought  the  undulatory 
theory  itself  from  the  disfavor  in  which  it  had  lain,  and  the  me- 
moirs in  which  Fraunhofer  gave  the  first  relatively  Aill  and  accurate 
measures  of  the  wave-lengths  of  light  date  no  farther  back  than 
1814. 

The  measures  of  Newton,  interpreted  in  terms  of  the  present 
theory,  gave  the  length  of  the  extreme  violet  waves  at  ■nr.TAfryiyinr 
of  an  inch,  and  of  the  extreme  red  at  TTr,xj%1y?ir<nri  or  in  millimetres 
0.00042  mm.  and  0.00067  mm.  respectively,  numbers  nearly  cor- 
responding with  the  lines  H  and  B,  while  Fraunhofer's  own  values 
are  comprised  between  0.00036  mm.  and  0.00075  mm.  More  re- 
cently the  range  of  vision  has  been  still  more  extended,  by  the  use 
of  the  fluorescent  ej'epiece  of  Soret,  while  by  the  aid  of  photog- 
raphy and  the  employment  of  quartz  trains,  solar  radiations  of  a 
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wave-length  of  about  0.29  ii  have  been  observed,^  and  rays  whose 
wave-length  is  as  little  as  0.185  [jl  have,  it  is  said,  been  observed 
from  the  induction  spark. 

Our  atmosphere  cuts  off  the  ultra  \aolet  rays  of  a  length  less 
than  about  0.29  ai,  while  I  have  found  it  not  very  difficult  to  see 
below  Fraunhofer's  great  A,  lines  whose  wave-length  is  about 
0.81  fi.  The  extreme  range  of  the  normal  eye  then,  is  from  about 
0.00036  to  0.00081  mm.  or  a  little  over  one  octave,  though  the 
statement  that  the  range  of  the  eye  is  less  than  one  octave  is  still 
commonly  made. 

Fraunhofer's  first  measures  were  made  with  a  literal  grating 
composed  of  parallel  strands  of  wire,  while  the  successive  labors 
of  Nobert,  Rutherfurd  and  Rowland  have  placed  in  the  hands  of 
physicists  instruments  of  constantly  increasing  power,  which  have 
finally  reached  what  seems  nearly  theoretical  perfection  at  the 
hands  of  the  two  latter.  It  is  with  the  now  so  well  known  grat- 
ings of  Professor  Rowland  that  the  direct  measures  of  wave- 
lengths in  the  solar  heat  spectrum  I  have  already  made  public^ 
have  been  chiefly  executed. 

In  Plate  1  we  have  a  necessarily  condensed  representation  of 
the  whole  spectrum,  visible  and  invisible,  on  the  normal  scale,  the 
distances  being  proportional  to  the  wave-lengths  observed.  The 
inferior  limit  being  0,  we  have  at  (a)  the  number  0.18  fi  (eighteen 
one-hundred  thousandths  of  a  millimetre)  which  represents  the 
shortest  measured  in  the  electric  spark  from  aluminum.  Next 
near  0.29  /x  (b)  we  have,  according  toM.  Cornu,  the  shortest  solar 
ray  which  penetrates  our  atmosphere ;  near  0.35  /i  (c),  in  the  ultra 
violet,  is  the  shortest  wave  which  can  be  seen  by  the  naked  eye, 
and  nearly  the  shortest  which  can  pass  t  irough  glass,  while  near 
0.81  fi  (d)  in  the  extreme  red,  is  nearly  the  longest  which  the  eye 
can  observe.  The  entire  visible  spectrum  on  the  normal  scale  is,  it 
will  be  seen,  insignificant  in  comparison  with  that  great  infra-red 
region  which  is  so  important  to  us,  and  of  which  we  know  so  very 
little.  It  has  been  known  since  the  time  of  the  first  Herschel  that 
heat  rays  existed  below  the  range  of  vision,  but  of  their  wave- 
lengths nearly  nothing  has,  till  lately,  been  ascertained,  partly  for 
want  of  sufficiently  delicate  heat-recognizing  apparatus,  and  still 

•(1.0^=0.001  mm.) 

•National  Academy  of  Science.  1883.   Am.  Jour,  of  Science,  Marali,  1884. 
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worts  from  the  fact  that  it  is  difficult  to  nse  the  gratiDg  here,  owing 
to  Uh;  ovifrlupping  spectra,  and  to  the  consequent  necessity  we  have 
till  latidy  been  under,  of  separating  these  rays  only  by  the  prism, 
which  kIvcs  no  measure  of  their  wave-lengths.  Physicists  have 
accordingly  attempted  to  find  these,  by  observing  what  deviations 
corrcKpond  to  known  wave-lengths  in  the  visible  portion,  and  by 
trying  to  determine  from  theoretical  considerations,  what  relations 
uliould  obtain  in  the  infra-red,  but  the  various  formulae  by  which 
tItONO  tuppoHcd  relations  have  been  expressed  have  not  till  lately 
Imumi  toHt(Ml,  Tlio  difUculty  has  been  partly  overcome  in  the  last 
few  yearN,  by  the  application  of  the  linear  bolometer  to  the  spec- 
trum fornuul  by  tho  concave  gratings  with  which  Professor  Row- 
land hiiH  furnished  us  ;  tho  deviations  of  the  heat  rays  having  first 
boon  olmerved  and  the  principal  lines  of  the  infra-red  region 
u)iip|>o(l  by  tho  Joint  use  of  tho  bolometer  and  a  flint  glass  prism. 
In  IH8l,  It  will  bo  romoml>ered  that  one  of  the  best  known  for- 
multu  on  which  physicists  till  lately  relied  for  determining  the  rela- 
tioUH  of  WAVo«lengtl)s  to  deviations  was  Cauchy's ;  that  this  set  an 
nbi^oluto  linUt  to  the  wavo-lcngth  which  any  prism  could  under  any 
oiuniUKHt uncos  discriminate,  and  that  this  supposed  extreme  wave- 
longlh  was  somewhere  between  10,000  and  15,000  on  Angstrom's 
Houlo.  IWsides  this  theoretical  limit,  it  was  supposed  that  glass 
absv>vbod  dark  heat,  to  such  an  extent,  that  the  longer  solar  heat 
waves  would  Ih>  stopixnl  in  the  substance  of  the  prism,  even  were 
theiv  no  other  obsU\ele. 

In  U'^'^U  however,  we  found  at  Allegheny*  by  actual  trial,  that  beat 
waves  whi^e  wave-length  was  ftur  in  excess  of  the  theoretical  limit, 
piissisl  thivuirh  a  tlint  glass  i^ism,  so  that  it  was  ascertained  that 
e\nuuu>n  s;^*iss  wjv?  nearly  dialhermauous  to  all  the  dark  lieat  which 
^HMues  to  us  fivitt  the  sun,  Ity  nieans  of  a  glass  pr;sm  and  the 
tv>Un«otor*  \^x>  were  thiis  able  to  pursue  our  n^sea robes  an vl  map  the 
intVaM^sl  or  iuvisible  solar  sivetnim  to  a  point  where  it  ac:«a'!y 
CAiue  to  aw  euxl.  WiiAi  ti>o  wave-leni^ih  of  this  jxvut  was  we 
\^v,;;a  iu^j  u»*',.  tVr  it   Iav  e::v.rv!v  oulsivie  v^f  wliat  lhev>nr  h^i  Till 

No\t^  usrii  li.e  iirsv.i  i!.  we  Lave  a:  All^'^bery  ik:env:rt\^  Ibe 
>iigi\t^>Vj:Uis  of  st5s>>l  of  :be  5^»*v  vi:scN>vert\:  so". at  V.<ai  r^^i\^r.• 
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scale). ^    I  cite  these  facts,  which  have  already  been  published,  to 
bring  ns  up  to  the  point  where  the  present  researches  begin. 

The  question  now  arises,  "  Does  this  ultimate  observable  wave- 
length of  solar  heat  of  2/i.7,  which  our  atmosphere  transmits, 
correspond  to  the  lowest  which  can  be  obtained  from  any  terres- 
trial source,  or  are  the  wave-lengths  emitted  from  our  planet  tow- 
ards space,  even  greater,  and  conceivably  such  that  our  atmosphere 
iis  nearly  athermanous  to  them  ?"  To  answer  this  it  becomes  necessary 
to  do  what  I  think  has  not  been  attempted  before ;  to  take  a  source 
of  very  low  temperature,  comparable  to  that  of  the  soil,  and  not 
only  to  measure  its  extremely  feeble  invisible  heat,  but  to  draw 
this  out  into  a  spectrum  by  means  of  the  prism  or  grating,  and 
to  determine  the  indices  of  refraction  of  its  prominent  parts,  and 
by  inference,  their  wave  lengths.  We  have  now  been  engaged  on 
this  research  at  Allegheny  at  intervals  for  two  years,  a  time  which 
will  not  appear  extravagant  to  one  acquainted  with  its  extreme 
difficulties.  Not  to  dwell  on  these  in  detail,  I  will  mention  only 
that  the  grating  can  not  well  be  used  on  account  of  its  overlapping 
spectra,  if  for  no  other  reason,  and  that  the  most  transparent  glass, 
which  we  have  found  to  be  comparatively  diathermanous  to  dark 
solar  heat,  turns  out  to  be  almost  absolutely  athermanous  to  the 
heat  ftom  a  surface  at  the  temperature  of  boiling  water. 

Glass  being  useless  here,  almost  the  only  material  of  which  we 
can  form  our  prism  is  rock-salt,  and  we  must  have  not  only  an 
entire  train  of  lenses  (both  colllmating  and  observing)  of  salt,  as 
well  as  the  prism,  but  the  pieces  must  be  of  exceptional  size,  pur- 
ity and  perfection  of  figure,  to  contend  with  these  special  difficulties, 
and  they  must  be  maintained  in  condition,  in  spite  of  the  incessant 
deterioration  of  this  substance.  Finally,  as  we  wish  to  determine 
wave-lengths,  these  measures  must  be  very  accurate,  and  the  prism 
be  capable  of  giving  fixed  points  of  reference  like  the  visible 
Fraunhofer  lines.  The  best  salt  prisms  I  could  get  in  Europe 
scarcely  showed  a  single  Fraunhofer  line,  and  the  best  known 
European  makers  have  assured  me  that  no  rock-salt  prism  ever  did 
or  could  do  more.  I  spent  a  long  time  in  searching  for  good  pieces 
of  rock-salt,  the  best  I  have  being  due  to  the  kindness  of  Prof.  C. 
S.  Hastings,  and  I  am  happy  to  say  that  the  skill  of  our  American 
opticians  has  produced  what  was  pronounced  impossible, — a  prism 
of  rock-salt  which  shows  the  Fraunhofer  lines  with  the  sharpness 

*  The  other  portions  of  this  figure  will  be  described  later. 
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of  one  of  flint  glass.  Sach  prisms  have  been  made  for  us  by 
Messrs.  A.  Clark  &  Sons  of  Cambridge,  and  Mr.  J.  A.  Brashear  of 
Pittsburgh.  The  one  we  are  now  using  is  made  by  the  latter,  and 
when  freshly  polished,  gives  a  spectrum  not  only  filled  with  hun- 
dreds of  Fraunhofer  lines,  but  which  shows  distinctly  the  nickel 
line  between  the  D's,  and  is  probably  the  finest  one  ever  produced 
from  this  material.  A  more  particular  description  of  it  is  given 
later,  and  I  wish  to  say  that  this  task  would  have  been  almost  im- 
possible, were  it  not  for  our  good  fortune  in  having  in  the  neigh- 
borhood, an  optician  of  Mr.  Brashear's  skill. 

Such  measures  on  the  collective  heat  of  black  bodies  as 
those  of  Melloni  and  Tyndall  have  been  made  on  large  ra- 
diating surfaces,  like  those  of  the  Leslie  cube,  but  in  order 
to  form  a  spectrum,  of  this  as  of  any  other  source,  we  must, 
of  course,  take  only  such  a  limited  fraction  of  the  side  of  the  cube 
as  is  represented  by  a  narrow  spectroscope  slit ;  so  that  both  from 
its  minute  amount  and  feeble  intensity  (even  if  we  can  pass  it 
through  a  prism,  to  form  a  spectrum),  it  is  absolutely  inappreciable, 
in  anything  like  homogeneous  portions,  to  the  most  delicate  ther- 
mopile, and  diflScult  of  attack  even  by  the  bolometer. 

We  have  employed  as  radiating  surfaces,  Leslie  cubes  covered 
with  lampblack  and  filled  with  boiling  water  or  aniline,  the  former 
giving  a  radiating  surface  of  a  temperature  of  100°  C,  the  latter 
one  of  178°  C.  and  also  cubes  filled  with  freezing  mixtures,  with 
the  latter  of  which  Mr.  F.  W.  Very  of  this  observatory  conducted 
in  the  cold  days  of  last  March,  one  series  of  measures  in  which  the 
radiator  was  the  bolometer  itself,  at  a  temperature  of  — 2°C.  and 
the  source  radiated  to,  a  vessel  filled  with  a  mixture  of  salt  and 
snow  at  the  temperature  of  — 20°  C,  thus  determining  the  distri- 
bution of  energy  in  the  spectrum  of  a  surface  below  the  freezing 
point  of  water.  The  Leslie  cube  used  in  these  experiments  was  filled 
either  with  a  freezing  mixture  or  with  water,  kept  gently  boiling 
by  a  Bunsen  burner  underneath;  or  again,  when  measurements 
from  a  source  at  an  exactly  determinable  higher  temperature  were 
desired,  with  aniline,  which  has  a  boiling  point  of  about  178°  C. 
A  condensing  apparatus  connected  with  the  cube,  in  the  latter  case 
prevented  the  escape  of  the  aniline  vapor.  It  was  also  found 
possible  to  keep  the  cube  at  any  intermediate  temperature  within 
sttflQciently  narrow  limits  by  properly  adjusting  the  flame. 

The  apparatus  is  shown  in  Plate  2.  Between  the  blackened 
fiide  of  the  Leslie  cube  C  and  the  spectrometer  slit  S,  were  inter- 
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posed  a  large  pasteboard  screen  (a)  and  a  fiat  copper  vessel  (b)  filled 
with  broken  ice,  both  pierced  with  apertures  slightly  larger  than  the 
slit,  to  allow  the  passage  of  the  rays,  and  the  exposures  were  made 
by  withdrawing  a  third  hollow  screen  (c)  made  of  copper  and 
filled  with  ice,  which  cut  off  the  radiation  of  the  cube  from  the 
slit  when  it  was  in  place. 

The  train  for  forming  the  spectrum  upon  the  bolometer  face  con- 
sisted of  two  rock-salt  lenses  L,  L  and  a  rock-salt  prism  P.  Each 
lens  is  75  mm.  in  diameter  and  350  mm.  focus  for  visible  rays. 
For  the  infra-red  rays  maasured  on,  the  focus  is  from  one  to  two 
centimetres  greater  than  this.  The  prism  is  made  from  an  unusu- 
ally perfect  piece  of  rock-salt,  and  is  64  mm.  on  a  side.  With 
this  train,  composed  entirely  of  rock-salt,  and  an  ordinary  eye- 
piece, the  Fraunhofer  lines  are  very  distinctly  visible  in  either 
sunlight  or  moonlight.  The  lenses,  prism,  slit  and  other  parts  of 
the  train  were  mounted  upon  the  large  spectrometer  (described  in 
the  Am.  Journal  of  Science,  Vol.  XXV,  1883,  and  in  the  Mt. 
Whitney  Report,  Chapter  XI). 

To  illustrate  the  use  of  the  apparatus,  we  give  below  in  detail 
the  observations  of  March  20,  1885,  for  determining  the  form  of 
the  energy  curve  in  the  spectrum  of  a  Leslie  cube  at  178°  C.  The 
temperature  of  the  room  was  — 7®  C,  so  that  the  excess  of  the 
temperature  of  the  cube  over  that  of  the  room  was  18^^  C. 

The  reading  of  the  circle  was  made  0°0'  0"  when  the  spectrometer 
arms  were  in  line,  and  the  direct  image  of  the  slit  fell  on  the 
bolometer.  The  prism  was  then  placed  on  its  table,  the  automatic 
minimum  deviation  apparatus  connected,  and  the  prism  set  to 
minimum  deviation  by  a  sodium  fiame  held  in  front  of  the  slit. 
The  deviation  of  the  ray  falling  upon  the  bolometer  was  then  given 
directly  by  the  circle  reading  to  10". 

The  bolometer  used  was  2  mm.  wide,  and  consequently  sub- 
tended an  angle  of  about  20'  in  the  spectrum.  After  adjusting  the 
prism,  the  slit  was  opened  to  the  same  width.  A  secondary  object 
of  the  experiment  was  the  determination  of  the  transmission  of 
rock-salt  in  different  parts  of  the  spectrum,  and  for  this  purpose 
a  plate  of  polished  rock-salt,  whose  thickness  was  9.1  mm.,  was 
interposed  at  the  slit,  after  each  deflection  obtained  in  the  ordinary 
manner,  the  plate  being  allowed  to  remain  in  each  case  till  the 
bolometer  had  registered  the  heat  due  to  radiations  from  the  salt 
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itself,  when  the  screen  was  withdrawn  and  the  radiations  from  the 
Leslie  cube  allowed  to  pass  through  it. 
The  results  are  given  below  in  the  form  of  a  table. 

Deflection  with         Transmission 
rock-salt  plate  interposed,      of  plate. 


Deviation. 

Deflection. 

40^80' 

12 

40  00 

72 

89   80 

214 

89   00 

864 

b8   80 

420 

88  00 

865 

87   80 

269 

87  00 

196 

86   80 

187 

86   00 

96 

85   80 

62 

85   00 

48 

84  80 

29 

84  00 

26.5 

83   80 

18 

88   00 

10.5 

860  .857 

251  .988 

122  .891 

63  1.02 

27  .981 

14  .778 


The  **  transmission"  of  the  plate  of  rock-salt  ( here  uncor- 
rected for  heat  lost  by  reflection  at  the  anterior  surface)  has  been 
shown  by  repeated  subsequent  experiments  to  slightly  but  sen- 
sibly diminish  for  extreme  heat  rays  in  the  Leslie  cube  spectrum ; 
but  to  remain  so  nearly  constant  through  the  range  of  these  experi- 
ments, as  to  show  that  the  present  approximate  values  need  no 
correction  on  this  account. 

The  following  scries  was  then  taken  for  flxing  more  accurately 
the  position  of  the  maximum : 


Deviation. 

Deflection. 

89°  00' 

375 

88    50 

406 

88    40 

430 

88    30 

428 

88    20 

414  • 

88    10 

401 

88    00 

371 
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From  carves  representing  these  observations,  it  was  concluded 
that  the  maximum  was  at  88°  35'.  It  will  be  shown  further  on, 
how  an  attempt  may  be  made  to  estimate  the  wave-lengths  in  these 
regions. 

Measurements  were  also  made  with  surfaces  of  copper  heated 
to  much  higher  temperatures,  and  with  the  cube  at  different  lower 
temperatures,  for  the  purpose  of  determining  whether  the  position 
of  the  maximum  of  the  energy  curve  varies  with  the  temperature, 
and  if  so  to  determine  if  possible  the  relation.  Experiments  of 
this  kind  have  been  made  bj'  Mr.  W.  W.  Jacques,^  who  found  that 
''  the  distribution  of  heat  in  the  spectrum  of  a  solid  or  liquid 
source  of  radiation  is  nearly  independent  of  the  temperature  of 
the  source."  It  was  evident  from  the  care  with  which  Mr.  Jacques' 
experiments  were  conducted,  that  the  shifting  of  the  maximum 
must  be  slight  and  difficult  of  quantitative  determination,  but 
with  the  pure  spectrum  and  delicate  heat  measuring  apparatus  at 
our  command,  it  was  thought  possible  that  this  might  be  effected. 
Accordingly,  measurements  similar  to  those  just  described  were 
made  with  a  radiating  surface  of  lamp-blacked  copper  at  the 
approximate  temperatures  of  815°  C,  525°  C.  and  330°  C,  and 
with  the  Leslie  cube  at  temperatures  of  178°  C,  100°  C,  40°  C. 
and  — 20°  C,  the  excess  over  the  temperature  of  the  room  being 
in  the  latter  cases  respectively  185°  C,  88°  C,  46°  C.  and  —18° 
C.  In  the  last  instance,  the  cube  was  colder  than  the  bolometer 
strips,  and  the  deflections  obtained  were  negative ;  though  small, 
they  were  distinctively  measurable,  the  greatest  being  — 12  divi- 
sions of  the  galvanometer  scale.^  We  have  in  Plate  3  the  curves 
representing  the  radiation  from  these  sources,  in  which  the  ab- 
scissae are  proportional  to  the  indices  of  refraction  in  the  rock-salt 
prism  and  the  ordinates  approximately  so  to  the  deflections  of  the 
galvanometer  due  to  the  heat  at  the  corresponding  points.  The 
total  radiation  in  each  case  is  then  approximately  proportional  to 
the  area  of  each  curve. 

*  Dlstrlbntion  of  heat  in  Uie  spectra  of  various  sonroesof  radiation,  by  William  W. 
Jacques,  Pli.  D.,  Proceedings  of  American  Academy. 

*Tho  position  of  the  maximum  in  the  ice  curve  is  Indicated,  but  the  curve  itself  is, 
on  this  scale  of  ordinates,  sensibly  coincident  with  the  straight  line.    (See  Plate  1.) 
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Date  of  obserra* 

tlOB. 

Approximate    tem- 
perature of  sonrce. 

Approximate  temper- 
ture  of  ezceaa. 

Deviation  of  maximum 
ordinate  in  beat  carve. 

188S. 

October  7, 

815*  C. 

803*  C. 

S9*.06' 

"     e. 

525 

505 

SO  03 

"       7, 

390 

318 

39  01 

•*       8, 

S90 

310 

39  00 

September  26| 

SOO 

S75 

38  43 

March  20» 

178 

185 

38  35 

An^Bt  19^ 

179 

15i 

38  35 

March  30» 

1              119 

1S6 

38  S5 

October  7» 

1              100 

88 

S8SS 

Octobers. 

99 

79 

38  87 

March  SI, 

40 

1 

46 

38  00 

*•   SI, 

—03 

—18 

87  40^ 

It  is  to  be  obserred  of  each  of  the  curves  in  Plate  3  that 
though  nearly  all  the  area  is  seen,  yet  that  owing  to  the  extension 
of  the  heat  curve  toward  the  right,  the  length  shown  is  limited 
here  by  the  size  of  the  plate,  whereas  the  extremity  measured  in 
each  curve  (except  of  course  the  solar  one)  does,  in  fact,  correspond 
to  an  index  of  less  than  1.45.  We  give  above  a  table  showing  the 
dates  of  observation,  the  approximate  temperatnres  of  excess  and 
the  approximate  deviations  of  the  ordinate  corresponding  to  the 
point  of  maximum  heat  in  the  (rock-salt)  prismatic  spectrum. 
We  should  observe  that  the  higher  temperatures  are  here  only 
determined  with  an  approximation  sufficient  to  make  it  certain  that 
there  is  a  progression  in  the  position  of  the  maximum  heat- 
orvlinate  corresponding  to  the  temperature,  as  the  latter  rises. 
These  results,  both  in  the  table  and  as  represented  in  the  plates^ 
are  given  as  pt'eliminary*  not  as  fioaU  for  we  hoiie  soon  to  l^  able 
to  offer  other  and  more  exact  ones  deduce^l  from  the  heat  spectra 
of  bo^iiesat  all  tem[>eralures  between  that  of  meltiug  platinum  and 
mellinji  ice.  We  are  entitled,  however,  even  at  present,  to  draw 
the  following  conclusions,  which  are  of  special  interest  in  ooiinec* 
tion  with  the  st^ectra  of  dark  bodies,  of  which  almost  not  1:1:  g  has 
been  hitherto  known. 

'  The  p*^:i.Mi  of  t>.e  ciJX'mcai  :a  thi*  IiKer  ;a«  iep^B'ls  cr<oa  a  *.5^v*  j'^cj^Tii.va 
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(1)  The  heat  represented  by  the  areas  of  these  curves  is  almost 
altogether  of  a  character  not  observed  in  thai  of  the  sun^  these 
wave-lengths,  in  general,  not  being  transmissible  by  glass,  which 
is  comparatively  permeable  to  the  lowest  solar  heat  waves  that 
penetrate  our  atmosphere.^  To  show  this  more  clearly  we  have 
drawn  the  solar  spectrum  given  by  the  rock-salt  prism  in  its  true 
position  though  not  in  its  true  amount  relatively  to  that  of  the  heat 
curves  cited;  The  maximum  of  the  latter  lies  in  every  case,  it 
will  be  seen,  far  below  the  very  lowest  part  of  the  solar  invisible  heat. 

(2)  In  spite  of  the  compression  of  the  infra-red  by  the  prism, 
these  heat  curves  extend  almost  indefinitely  in  the  direction  of  the 
smaller  indices,  so  far  that  we  can,  in  fact,  represent  only  a  part 
of  this  extent  in  our  plate.  The  measures  already  cited  in  case 
of  the  curve  for  the  Leslie  cube  at  178°,  for  instance,  show  very 
measurable  heat  at  a  deviation  of  33°,  which  corresponds  to  an 
index  of  refraction  of  1.4511,  while  the  smallest  index  given  in 
the  plate  is  1.49. 

(3)  An  increase  of  temperature  increases  every  ordinate,  but 
not  in  like  proportions,  ordinates  corresponding  to  the  heat  in  the 
more  refrangible  parts,  always  growing  more  rapidly  than  those 
for  less  refrangible  heat. 

(4)  As  a  necessary  consequence  of  this,  follows  the  (inde- 
pendently observed)  fact  of  the  progressive  movement  of  the 
maximum  ordinate,  toward  the  more  refi*angible  end  as  the  tem- 
perature rises. 

(5)  These  prismatic  curves  are  not  symmetrical,  the  greater  por- 
tion of  the  area  in  every  case  13'^ing  below  the  maximum,  t.  e., 
toward  the  greater  wave-length,  and  the  descent  being  always  most 
abrupt  on  the  more  refrangible  side. 

As  the  heat  spectra  from  surfaces  at  the  temperature  of  boiling 
water  or  melting  ice  are  those  to  which  the  chief  interest  attaches, 
in  connection  with  the  temperature  of  the  soil,  and  as  these  are 
not  well  shown  on  the  same  scale  of  ordinates  with  that  of  the 
red-hot  copper,  we  give  an  independent  representation  of  these  two 
in  Plate  1,  but  upon  the  wave-length,  not  the  prismatic  scale. 
Their,  maxima  of  heat  fall  at  points  in  the  normal  spectrum 

•The  distinctiye  character  of  these  radiations  is  also  weU  shown  by  the  fact  that  we 
haye  found  that  a  thick  film  of  lampblack,  which  is  nearly  as  impervioas  to  the  dark 
solar  heat  as  to  light,  transmits  more  than  60  per  cent  of  some  of  the  rays  in  question. 

A.  A.  A.   S.,  VOL.  XXXIV.  B 
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which  (as  we  explain  later)  are  only  approximately  determinate 
on  this  scale,  but  which  are  probably  at  least  as  low  as  the  points 
(/)  corresponding  to  the  boiliDg  water  maximum,  and  (g)  corre- 
sponding to  the  position  of  the  maximum  ordinate  in  the  spec- 
trum of  ice  at  the  melting  point,  or  lower.  No  attempt  is  made 
in  this  plate  to  represent  the  relative  amounts  of  heat  in  the  solar 
and  Leslie  cube  curves,  but  only  their  positions  on  the  wave- 
length scale ;  and  here  also  it  will  be  understood  that  the  latter 
curves  really  extend  far  further  to  the  right  than  the  limits  of  the 
plate  admit  of  showing  them. 

Tliese  observations^  then^  sJiow  a  real  though  slight  progresssion 
of  the  point  of  maximum  Iieat  touxird  the  shorter  wave-lengths  as 
the  temperature  rises.  The  position  of  the  maximum  ordinate  of 
the  lower  curves  is  of  course  more  difficult  to  determine,  on  ac- 
count of  their  flatness. 

The  whole  heat  spectrum  from  most  of  these  sources,  it  is  inter- 
esting to  note,  passes  through  the  prism  at  angles  which  the  theo- 
ries of  our  text  books  have  heretofore  pronounced  impossible. 
The  existence  of  these  radiations,  and  the  relative  amounts  of  heat 
for  each  deviation  are  certain,  for  these  deviations  are  determined 
by  the  spectro-bolometer,  in  most  cases  with  a  probable  error  of 
less  than  a  minute  of  arc ;  but  when  we  pass  to  the  next  stage  of 
our  work,  the  determination  of  the  corresponding  wave-lengths, 
we  cannot  speak  with  such  confidence.  We  have  calculated  the 
wave-lengths  for  some  of  the  observations  by  means  of  Wullner*s 
new  formula^  (which  is  founded  on  Uelmholtz's  theory,  but  which 
he  has  tested  by  our  own  observations  with  the  glass  prism)  and 
found  them  to  agree  with  similar  ones  obtained  directly  from  the 
curve  representing  the  relation  between  'n  and  X  for  rock-salt, 
which  is  shown  in  Plate  4,  by  measurements  on  points  whose  wave- 
lengths were  known  from  these  prior  observations  up  to  about 
20,000  of  Angstrom's  scale.  Beyond  this  point  we  have  continued 
the  curve  both  by  computation  and  by  graphical  extrapolation. 
We  do  not  disguise  from  ourselves  the  danger  of  all  extrapolations, 
but  here  we  have,  up  to  the  time  of  writing  nothing  else  to  depend  on, 
and  must  use  them.  Our  extrapolations  rest,  however,  it  will  be 
seen,  on  a  wholly  different  basis  from  the  ones  depending  on  formu- 
la derived  from  the  visible  spectrum  alone,  since  our  cui've  has  been 

*  Wiedemann's  Annalen  Band,  33,  p.  307. 
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already  followed  by  direct  observations  until  it  is  almost  coincident 
with  a  straight  line.  Up  to  this  point  then  (within  the  limits  of 
error  already  elsewhere  given)  there  is  no  doubt,  and  unless  there 
is  some  utter  change  in  the  character  of  the  curve,  such  as  we  have 
no  reason  to  anticipate,  a  tangent  from  the  last  part  will  not  differ 
very  greatly  from  the  immediate  course  of  the  curve  itself,  and 
will  at  any  rate  meet  the  axis  of  abscissae  sooner  than  the  curve 
can.  If  we  assume  then  the  prolongation  of  the  curve  to  agree 
with  this  tangent,  we  evidently  assume  a  minimum  value  for  all 
the  wave-lengths  measured  by  it,  and  that  is  what  we  have  done. 

We  are  not  prepared  yet  to  speak  of  these  wave-length  values 
as  exactly  determinate,  and  they  are  here  given  as  jBrst  approxi- 
mations. They  are  indeed  sufficiently  startling,  to  make  us  in- 
clined to  proceed  with  caution ;  but,  speaking  with  the  reserves 
indicated  by  the  conditions  referred  to,  I  may  say  that  we  have 
every  reason  to  believe  that  the  minimum  wave-length  assignable 
to  the  maximum  ordinate  of  the  heat  curve,  in  the  spectrum  of  a 
source  whose  temperature  varies  from  100°  to  0°  Centigrade,  is 
a  little  less  than  5/x  and  a  little  over  6//  and  that  these  may  be  in- 
definitely greater.  This  refers,  it  will  be  remarked,  only  to  the 
position  of  the  maximum  ordinate,  while  the  extreme  portions  of 
the  curve  measured  on  (corresponding  to  an  index  of  1.45)  have 
probably  at  least  three  times  this  wave-length.  I  shall  be  better  un- 
derstood, perhaps,  if  I  say  that  some  of  the  heat  radiated  by  the 
soil  has  probably  a  wave-length  of  over  150,000  of  Angstrom's 
scale,  or  about  twenty  times  the  wave-length  of  the  lowest  visible 
line  in  the  solar  spectrum,  as  known  to  Fraunhofer. 

These  investigations  are  still  going  forward,  and  I  hope  soon 
to  give  more  exact  values.  But  I  have  presented  the  present  ones, 
though  imperfect,  because  they  give  us  at  least  some  knowledge 
of  a  region  of  which  we  are  at  present  quite  ignorant,  and  because 
they  are  thus  I  think  of  some  interest  both  to  the  physicist  and  to 
the  astronomer.  To  the  physicist,  as  showing  that  the  wave- 
lengths which  Newton  measured  to  the  tt>-,Wt>  ^^  ^^  ^^^^  ^^'^  so 
far  from  being  the  limits  of  nature's  scale,  that  the  existence  of 
measurable  wave-lengths  of  something  greater  than  •^^iTjTj  of  an 
inch  is  rendered  at  least  highly  probable.  To  the  astronomer, 
because  we  find  that  the  heat  radiated  from  the  soil  is  of  an  almost 
totally  different  quality  from  that  which  is  received  from  the  sun  so  that 
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the  important  processes  by  which  the  high  surface  temperature  of 
the  planet  are  maintained,  can  now  be  investigated  with,  we  may 
hope,  fruitful  results  in  connection  with  the  researches  here  des- 
cribed. 

I  should  not  close  this  preliminary  account  without  stating  that 
I  have  in  these  observations  been  throughout  and  at  every  stage,  in- 
debted to  Messrs.  F.  W.  Very  and  J.  E.  Keeler  of  this  Observa- 
tory, for  a  collaboration  without  which  it  could  not  have  appeared 
in  its  present  form. 

Addendum, 

Reduction  of  observcUions  made  with  the  rock-salt  prism  to  a 
standard  refracting  angle;  with  a  table  of  refractive  indices  of  rock- 
salt. 

The  surfaces  of  the  rock-salt  prism  and  lenses  undei'go  a  deter- 
ioration when  exposed  to  the  air,  which  is  more  or  less  rapid, 
according  to  the  greater  or  smaller  relative  humidity  of  the  atmos- 
phere at  the  time.  In  ordinary  dry  weather  they  may  be  used 
several  times  before  they  become  spoiled,  while  in  damp  or  rainy 
weather  three  or  four  seconds  is  a  sufficiently  long  time  to  cover 
them  with  condensed  moisture,  and  work  under  these  circum- 
stances is  of  course  impossible.  After  the  surfaces  have  in  this 
way  become  unfit  for  use  they  are  repolished,  and  the  refracting 
angle  of  the  prism  is  thereby  unavoidably  altered.  The  change  is 
usually  small,  generally  not  exceeding  1%  so  that  for  most  of  our 
heat  measures  it  msLy  be  neglected  altogether.  The  changes  have, 
however,  tended  on  the  whole,  to  reduce  the  refracting  angle,  so 
that  it  is  now  about  4'  smaller  than  when  the  prism  was  first  used. 

To  make  all  observations  strictly  comparable,  they  are  reduced 
to  one  value  of  the  refracting  angle,  for  which  the  deviations  of 
the  Fraunhofer  lines,  and  the  wave-lengths  corresponding  to  given 
deviations  in  the  infra-red,  have  been  determined  with  the  greatest 
possible  accuracy.  This  standard  value  of  the  refracting  angle  is 
59°  57'  54".  A  series  of  observations  for  fixing  the  positions  of 
the  Fraunhofer  lines  was  made  by  Mr.  J.  £.  Keeler  of  this  Observ- 
atory on  Sept.  14,  1885.  One  arm  of  the  spectrometer,  which  was 
firmly  clamped,  carried  a  glass  collimating  lens  of  25  feet  focus, 
and  the  other  an  achromatic  observing  telescope  of  nearly  four 
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feet  focus,  with  a  micrometer  eyepiece.  The  double  deviations  of 
the  C,  Di,  bi,  and  F  lines  were  obsei-ved,  and  also  the  differences 
of  deviation  between  these  and  the  other  lines  whose  positions 
were  determined.  For  observing  the  M  and  N  lines  a  Soret  fluor- 
escent eyepiece  was  used,  and  in  the  infra-red,  a  bolometer,  having 
a  single  strip  -^  millimetre  in  width.  In  the  two  last  cases  the 
prism  was  automatically  kept  in  the  position  for  minimum  devia- 
tion. The  spectrometer  circle  reads  by  two  opposite  verniers  to 
10'',  but  on  account  of  the  construction  of  the  instrumtnt  (for 
whose  principal  purpose  arms  whose  length  is  inconsistent  with 
absolute  rigidity  had  to  be  used),  care  is  necessary  to  measure  an 
angle  with  this  degree  of  precision,  as  the  arms  are  liable  to  spring 
slightly  on  the  application  of  lateral  pressure.  The  deviations 
given  in  our  table  were  obtained  by  Mr.  Keeler  by  setting  on  the 
line  with  the  micrometer  eyepiece,  after  the  telescope  had  been  di- 
rected upon  it  and  freed  from  strain  by  a  light  tap  ;  and  applying 
the  micrometer  correction  to  the  circle  reading.  It  was  found  by 
a  careful  comparison  of  the  solar  spectrum  given  by  the  rock-salt 
prism  with  that  by  a  fine  prism  of  flint  glass,  that,  in  spite  of  the 
greater  dispersion  of  the  latter,  no  lines  could  be  seen  in  its  spec- 
trum which  the  rock-salt  prism  would  not  also  show.  The  proba- 
ble error  of  one  setting  of  the  micrometer  was  less  than  1".  From 
the  agreement  of  the  different  measurements  made  in  this  way,  it 
is  believed  that  the  deviations  throughout  the  visible  spectrum  are 
correct  to  within  o'*.  Those  in  the  ultra-violet  and  infra-red  can- 
not of  course  pretend  to  this  degree  of  accuracy.  The  positions 
ofp^T  (invisible)  given  by  two  independent  scries  with  the  bolo- 
meter differed  by  30" ;  those  of  ^  (invisible)  by  1',  those  of  (fi  (in- 
visible) by  30''  and  those  of  Q  (invisible)  agreed  exactly. 

We  have  thus  obtained  incidentally  the  data  for  constructing  a 
table  of  refractive  indices  of  rock-salt  throughout  the  entire  range 
of  the  solar  spectrum,  with  an  accuracy  which  we  believe  to  be 
greater  than  has  heretofore  been  attained,  and  which  we  deem  of 
sufllcient  interest  to  give  in  full  below,  for  the  convenience  of  others 
having  occasion  to  work  with  this  material,  and  for  testing  theories 
of  dispersion. 
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REFRACTING   ANGLE   OF   PRISM  =  59"  57'   54". 


Line. 

Wave-length. 

Deviation. 

A 

Refractive  Index 

M 

0/1.3727 

43°  50' 

57" 

1.21 

1.57486 

L 

0.3820 

43  35 

27 

1.20 

1.57207 

H, 

0.3933 

43  19 

32 

1.19 

1.56920 

H, 

0.3968 

43  14 

44 

1.19 

1.56833 

G 

0.4303 

42  36 

7 

1.16 

1.56133 

F 

0.4861 

41  51 

47 

1.13 

1.55323 

b* 

0.5167 

41  33 

43 

1.12 

1.54991 

b, 

0.5183 

41  32 

52 

1.12 

1.54975 

D, 

0.5889 

41     2 

41 

1.10 

1.54418 

0.5895 

41     2 

29 

1.10 

1.54414 

c 

0.6562 

40  42 

56 

1.09 

1.54051 

B 

0.6867 

40  35 

49 

1.09 

1.53919 

A 

0.7601 

40  22 

25 

1.08 

1.53670 

P<;t 

0.94 

40     1 

26 

1.07 

1.5328 

9 

1.13 

39  49 

11 

1.06 

1.5305 

^ 

1.38 

39  39 

56 

1.05 

1.5287 

a 

1.82 

39  29 

21 

1.05 

1.5268 

Temp.=  24°  C.     Barometer,  733.1  mm. 

The  wave-lengths  of  the  M  and  L  lines  are  from  Cornu,  those 
of  the  lines  between  H  and  A  inclusive,  from  Angstrom,  and  those 
of  the  infra-red  bands  from  the  Allegheny  observations.  The  col- 
umn headed  J  was  prepared  at  the  suggestion  of  Mr.  Keeler,  and 
is  for  the  purpose  of  facilitating  the  reduction  of  observations 
made  with  a  different  prism  angle  from  that  for  which  the  table 
is  computed  and  for  which  our  wave-length  curves  are  drawn.  If 
we  differentiate  the  ordinary'  formula  for  a  prism, 

^    _        sin.  ^  (A  +  d) 
I    sin  ^    A 

with  respect  to  A,  which  we  now  regard  as  a  variable,  we  have 

dd  n  cos  J   A 


or 


dA 
dd  =  J  d  A 


cos  i  ( A  -|-  d) 


-1  =  J 


The  values  of  J  for  the  different  lines  of  the  spectrum  are  readily 
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computed  from  the  table  of  deviations  and  refractive  indices.  To 
find  then,  the  deviation  of  a  line  after  any  repolishing  of  the  prism, 
we  have  merely  to  multiply  the  change  of  the  angle  by  the  approx- 
imate value  of  J  taken  from  the  table,  and  we  obtain  the  change 
in  the  deviation  of  the  line,  and  hence  also  the  deviation  required. 
Thus,  if  the  new  angle  is  found  on  measurement  to  be  59^  57'  44'', 
dA  =  — 10",  and  the  deviation  of  the  F  line  (say)  will  have  been 
changed  by  10"  X  1.13  =  —11.8".  That  is,  the  deviation  of  the 
F  line  is  now  41®  51'  36".  The  reduction  from  the  new  to  the 
standard  angle  is  of  course  the  reverse  of  this,  and  that  the  use  of 
the  table  saves  much  labor  in  redetermining  the  constants  of  the 
prism  will  be  understood  when  it  is  added  that  ours  has  been  en- 
tirely refigured  and  repolished  by  the  maker  as  many  as  ten 
times  during  the  present  year. 
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and  restored  at  will  by  alternately  bringing  the  solution  into 
the  field  and  withdrawing  it. 

(d)  With  hydrochloric  acid  the  magnet  causes  slight  increase  of 
speed  of  solution  and  increase  in  the  amount  of  heat  produced. 
No  change  in  the  nature  of  the  reaction  was  observed.  The  per- 
centage of  ferric  chloride  in  the  solution  at  the  close  of  the  reaction 
was  not  found  to  be  larger  where  the  experiment  took  place  in  the 
magnetic  field  than  under  other  circumstances. 

(e)  With  hydrochloric  acid  in  the  presence  of  an  excess  of  po- 
tassium chlorate,  under  which  circumstances  all  the  iron  was  rap- 
idly converted  into  ferric  chloride,  the  speed  of  reaction  and  amount 
of  h'eat  produced  were  greater  without  than  within  the  magnetic 
field. 

(/)  With  sulphuric  acid  the  magnet  caused  a  slight  increase  of 
speed  and  decrease  in  the  amount  of  heat  produced  by  the  reaction. 

(g)  With  nitric  acid  acting  upon  copper  no  magnetic  effect  could 
be  detected. 


PsTCHROMETRT.     Bt  Prof.  Wm.  Ferhbl,  Signal  Service  OflSce, 
Washington,  D.  C. 

[ABSTRACT.] 

This  paper  treats  briefly  of  the  great  imperfections  in  the 
principles  and  methods  of  psychrometry  as  still  most  generally 
used  and  of  the  advisability  of  adopting  the  whirled  or  sling 
psychrometer,  as  recently  determined  upon  by  the  Signal  Service. 
It  also  gives  some  account  of  the  steps  taken  by  the  Signal  Service 
in  obtaining  a  new  constant  for  the  pyschrometric  formula  adapt- 
ed to  the  sling  pyschrometer  from  experiments  now  being  made 
for  the  purpose  in  Colorado,  with  a  sling  pyschrometer  and  the 
Regnault  dew-point  apparatus,  and  of  the  results  likely  to  be  ob- 
tained A*om  them,  as  already  indicated  from  a  partial  discussion 
of  the  data.  The  whole  matter  will  be  finally  published  by  the 
Signal  Service  oflSee. 

1  PreUminary  Koto  on  the  Action  of  Acids  upon  Iron  In  the  Magnetic  Field.   Pro- 
ceedings A.  A.  A.  S.>  18Si. 
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Apparent  resistance  of  a  body  of  air  to  a  change  of  form 
UNDER  sudden  COMPRESSION.  By  Coiudr.  Theo.  F.  Jewell, 
U.  S.  N.,  Torpedo  Station,  Newport,  R.  I. 

[ABSTRACT.] 

Discs  of  compressed  gun-cotton,  on  which  are  stamped  certain 
letters  and  figures,  when  exploded  on  wrought  iron  plates,  leave 
markings  on  the  plates  similar  to  those  on  the  discs.  The  mark- 
ings are  depressions  in  both  cases,  but  are  inverted  on  the  iron 
plate.  It  is  suggested  that  the  air  enclosed  in  the  letters  and 
figures,  under  the  sudden  and  enormous  pressure  to  which  it  is 
subjected,  acts  like  a  hard  body  and  is  thus  driven  into  the  iron. 

[A  disc  of  gun-cotton  and  an  iron  plate  on  which  a  similar  disc 
had  been  exploded  were  exhibited  at  the  meeting.] 


Telemetric  aid  to  meteorological  records.    By  Henry  E. 
Alvord,  C.  E.,  Houghton  Farm,  Mountainville,  N.  Y. 

[ABSTRACT.] 

A  report  of  progress  in  endeavoring  to  secure  at  Houghton 
Farm,  mechanical  devices  for  automatic  and  continuous  records  of 
meteorological  phenomena.  The  experience  with  special  mercu- 
rial thermometers,  and  thermo-couples,  in  taking  soil  and  atmos- 
pheric temperatures,  is  described  in  Houghton  Farm  pamphlets, 
Agricultural  Physics,  Series  I,  Nos.  3  &  4,  1883 :  Penhallow. 
This  paper  describes  a  recent  trial  of  the  system  of  Telemetry  in 
connection  with  temperatures. 

This  term.  Telemetry,  has  been  applied  to  electrical  apparatus, 
by  which  variable  physical  forces,  such  as  temperature  and  press- 
ure, arc  indicated  and  recorded  at  any  distant  point.  The  sys- 
tem consists  of  two  instruments,  the  transmitter,  which  indicates 
the  variable  force  at  the  place  where  it  exists,  and  the  receiver  or 
counterpart  instrument  at  the  place  where  the  variations  are  de- 
sired to  be  known,  to  which  the  recorder  is  attached.  These  two 
instruments  are  maintained  in  perfect  unison,  automatically,  by 
the  skilful  application  of  electricity,  upon  the  open  circuit  prin- 
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A  PRACTICAL   METHOD   OF   WORKINQ  ROCK   SALT   SURFACES     FOR  OP- 
TICAL PURPOSES.     By  Jno.  A.  Brashear,  Pittsburg,  Pa. 

Two  years  or  more  since,  Prof.  Laugley  asked  me  to  undertake 
the  work  of  polishing  the  rock  salt  trains  so  frequently  called  into 
use  in  his  well-known  researches  in  obscure  heat  rays.  These  sur- 
faces, under  the  very  best  conditions,  are  ephemeral  in  their 
character,  owing  to  the  deliquescent  nature  of  the  material,  and 
in  order  to  get  the  best  results  from  them,  frequent  repolishing  and 
refiguring  are  absolutely  necessary.  I  have  been  informed  that 
the  French  opticians  polish  all  rock  salt  surfaces  upon  broadcloth ; 
and,  indeed,  almost  all  surfaces  I  have  tested  show  them  to  have 
been  finished  upon  some  yielding  material,  as  the  edges  are  almost 
always  rounded  or  as  I  would  call  it,  over  corrected.  This  is  fatal 
to  good  results  in  any  optical  surface.  Mr.  George  Clark  of  Alvan 
Clark  &  Sons  polished  a  prism  for  Prof.  Langley  which  turned 
out  to  be  beautiful  in  polish  and  in  figure.  His  method  was 
to  use  a  pitch  polisher,  with  '^diamantine"  (a  fine  vanety  of 
Vienna  lime)  as  the  polishing  material.  A  strong  brine  was  used 
instead  of  water  in  the  ordinary  way.  Mr.  Clark  informed  me 
that  the  one  great  difficulty  he  met  with  was  to  wipe  the  prism  sur- 
faces, after  the  polishing  was  completed^  he  using  the  arm  or  palm 
of  the  hand,  in  preference  to  anything  else.  On  a  few  occasions  I 
have  succeeded  in  this  way,  but  where  success  may  be  had  once, 
failure  may  result  twenty  times,  for  if  any  moisture  is  left  on  the 
surface  of  the  prism  or  lens,  even  for  a  moment  of  time,  it  is  ruined. 

Happily  I  have  no  trouble  in  this  respect  now,  and  as  my  method 
is  easily  carried  out  by  any  physicist  who  desires  to  work  with 
rock  salt  surfaces,  it  gives  me  pleasure  to  explain  it.  For 
polishing  a  prism  I  make  an  ordinary  pitch  bed  of  about  two 
and  one-half  or  three  times  the  area  of  the  surface  of  the  prism  to 
be  polished.  While  the  pitch  is  still  warm  I  press  upon  it  any 
approximately  flat  surface,  such  as  a  piece  of  ordinary  plate  glass. 
The  pitch  bed  is  then  Pooled  by  a  stream  of  water,  and  conical 
holes  are  then  drilled  in  the  pitch  with  an  ordinary  counter  sink  bit, 
say  J-  in.  diameter,  and  at  intervals  of  half  an  inch  over  the  entire 
surface.  This  is  done  to  relieve  the  atmospheric  pressure  in  the 
final  work.  The  upper  surface  of  the  pitch. is  now  very  slightly 
warmed  and  a  true  plane  surface  (usually  a  glass  one,  prepared  by 
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grinding  and  polishing  three  surfaces  in  the  ordinary  way,  previously 
wetted),  is  pressed  upon  it  until  the  pitch  surface  becomes  an 
approximately  true  plane  itself.  Fortunately,  moderately  hard 
pitch  retains  its  figure  quite  persistently  through  short  periods  and 
small  changes  of  temperature,  and  it  always  pays  to  spend  a  little 
time  in  the  preparation  of  the  pitch  bed. 

The  polisher  being  now  ready,  a  very  small  quantity  of  rouge  and 
water  is  taken  upon  a  fine  sponge  and  equally  distributed  over  its 
surface.  The  previously  ground  and  fined  salt  surface  (this  work  is 
done  the  same  as  in  glass  working)  is  now  placed  upon  the  polisher 
and  motion  instantly  set  up  in  diametral  strokes.  I  usually  walk 
around  the  polisher  while  working  a  surface.  It  is  well  to  note  that 
motion  must  be  constant,  for  a  moment's  rest  is  fatal  to  good  re- 
sults, for  the  reason  that  the  surface  is  quickly  eaten  away,  and 
irregularly  so,  owing  to  the  holes  that  are  in  the  pitch  bed.  Now 
comes  the  most  important  part  of  this  method.  After  a  few  min- 
utes' work  the  moisture  will  begin  to  evaporate  quite  rapidly.  No 
new  application  of  water  is  to  be  made,  but  a  careful  watch  must 
be  kept  upon  the  pitch  bed  and  as  the  last  vestige  of  moisture  dis- 
appears the  prism  is  to  be  slipped  off  the  polisher  in  a  perfectly  hori- 
zontal direction,  and  if  the  work  has  been  well  done,  a  clean,  bright 
and  dry  surface  is  the  result.  The  surface  is  now  tested  by  the  well- 
known  method  of  interference  from  a  perfect  glass  test  plate. 

If  an  error  of  concavity  presents  itself  the  process  of  polishing 
is  gone  over  again,  using  short  diametral  strokes.  If  the  error  is 
one  of  convexity,  the  polishing  strokes  are  to  be  made  along  the 
chords,  extending  over  the  edge  of  the  polisher.  The  one  essen- 
tial feature  of  this  method  is  the  fact  that  the  surface  is  wiped  dry 
in  the  final  strokes,  thus  getting  rid  of  the  one  great  difiSculty  of 
pitch  polishing,  a  method  undoubtedly  far  superior  to  that  of  polish- 
ing on  broadcloth.  If  in  the  final  strokes  the  surface  is  not  quite 
cleaned  I  usually  breathe  upon  the  pitch  bed,  and  thus  by  conden- 
sation place  enough  moisture  upon  it  to  give  a  few  more  strokes, 
finishing  just  the  same  as  before.  In  ten  minutes  I  have  polished 
prisms  of  rock  salt  in  this  manner  that  have  not  only  shown  the  D 
line  double,  but  Prof.  Langley  has  informed  me  that  his  Assistant, 
Mr.  Keeler  (J.  E.)  has  seen  the  nickel  line  clearly  between  the  D 
lines.  This  speaks  for  the  superiority  of  the  surfaces  over  those 
polished  on  broadcloth. 

In  polishing  prisms  I  prefer  to  work  them  on  top  of  the  polisher 
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as  they  can  be  easily  held,  but  as  it  is  difficult  to  hold  lenses  or 
planes  in  this  way,  without  injuring  the  surfaces,  I  usually  sup- 
port them  in  a  block  of  soft  wood,  turned  so  as  to  touch  only  at 
their  edges,  and  work  the  polisher  over  them.  Though  it  takes 
considerable  practice  to  succeed  at  first,  the  results  are  so  good, 
that  it  well  repays  the  few  hours'  work  it  requires  to  master  the /cm? 
difficulties  it  presents. 


A  SPECTRO-PHOTOMETRIC  ANALYSIS  OF  THE  COLOR  OP  THE    SKY.      By 

Prof.  Edward  L.  Nichols,  University  of  Kansas,  Lawrence, 
Kansas. 

[ABSTRACT.] 

By  means  of  his  spectro-photometer,  described  at  a  previous 
meeting,  and  elsewhere,^. the  author  has  compared  the  spectrum  of 
the  unclouded  sky  with  that  of  the  light  reflected  by  magnesium 
carbonate,  illuminated  by  direct  sunlight.  Repeated  measure- 
ments of  the  relative  intensities  of  corresponding  portions  of  these 
spectra,  throughout  their  whole  length,  and  similar  comparisons  of 
the  spectrum  of  the  magnesium  carbonate  with  the  direct  spectrum 
of  the  source  of  illumination,  have  furnished  data  from  which  the 
character  of  the  light  sent  u^  from  the  open  sky  can  be  determined, 
and  in  one  sense  its  color  also. 

The  measurements  show  that  the  spectrum  of  the  sky  is  of  the 
same  character  as  that  of  white  light,  varying  less  from  the  reflec- 
tion spectrum  of  a  perfectly  colorless  object  than  do  the  spectra 
of  such  substances  as  white  paper,  sulphate  of  calcium,  carbonate 
of  magnesium,  lamp  black,  etc.,  etc. 

Similar  measurements  were  made  of  the  reflection  spectra  of 
Lord  Rayleigh's  "blue  cloud,"  formed  by  the  precipitation  of  sulphur 
by  hydrochloric  acid  in  a  solution  of  hyposulphite  of  sodium,  and 
of  thin  films  of  antimonv  oxide.  It  was  found  that  the  same  is 
true  of  the  light  reflected  by  these  substances. 

The  blue  color  of  the  sky  and  of  other  opalescent  media  is,  ac- 
cording to  these  results,  not  due  to  an  excess  of  the  more  refrangible 
rays  in  the  light  reflected  b}""  them  ;  but  is  of  "subjective"  character. 

This  view  the  author  has  maintained  in  a  previous  paper^  in 
which  it  was  pointed  out  that  a  well-known  peculiarity  of  the  eye, 

>Am.  Journal  of  Science,  Dec.  1879  and  Nov.  1884. 
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its  rapidly  increasing  sensitiveness  to  violet  with  decrease  of  in- 
tensity of  illumination,  is  sufficient  to  account  for  the  appearance 
of  the  sky  and  of  many  other  objects,  without  having  recourse  to 
the  hj'pothesis  of  selective  reflection. 

The  object  of  the  present  paper  is  the  presentation  of  experi- 
mental evidence  bearing  upon  this  question. 


On  the  chemical  behavior  of  iron  in  the  magnetic  field. 
By  Prof.  Edward  L.  Nichols,  University  of  Kansas,  Law- 
rence, Kansas. 

[abstract.] 

This  paper  deals  with  the  continuation  of  the  preliminary  ex- 
periments on  the  action  of  acids  upon  iron  in  the  magnetic  field, 
described  in  a  paper  presented  by  title  at  the  Pbiladelphia  meeting.^ 
It  is  found  that  when  aqua  regia,  nitric  acid,  hydrochloric  acid,  or 
sulphuric  acid  act  upon  iron,  the  reaction  is  modified,  by  being  car- 
ried on  in  the  magnetic  field,  as  to  speed,  amount  of  heat  produced 
and,  sometimes,  as  to  chemical  character. 

(a)  With  aqua  regia,  the  speed  of  reaction  is  increased  many 
times  by  the  action  of  the  magnet,  the  amount  of  heat  produced 
is  greater  and  at  temperatures  at  which,  otherwise,  hydrogen  gas 
alone  would  be  evolved,  the  magnet  causes  the  production  of  nitrous 
fumes  as  well.  This  change  in  the  reaction  can  be  brought  about 
at  any  stage  of  the  experiment  by  actuating  the  electro- magnet 
between  the  poles  of  which  the  experiment  is  going  on  ;  and  it  is 
always  accompanied  by  a  rapid  rise  in  the  temperature  of  the  solu- 
tion. 

(6)  With  nitric  acid  similar  modifications  are  observed  ;  i.  e.,  in- 
crease of  speed  and  the  production  of  nitrous  fumes  instead  of 
hydrogen.  The  experiments  do  not  indicate  an  increase  of  heat 
when  the  reaction  occurs  in  the  magnetic  field. 

(c)  The  passivity  of  iron  in  strong  nitric  acid  is  destroyed  by 
ms^netic  action,  but  may  be  restored  even  after  the  reaction  has 
made  considerable  progress  within  the  field  by  the  removal  of  the 
solution  from  the  neighborhood  of  the  magnet,  and  again  destroyed 

'A  new  Exylauation  of  tiie  Colour  of  tho  Sky :  Flul.  Mng.  Dec.  1879. 
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and  restored  at  will  by  alternately  bringing  the  solution  Into 
the  field  and  withdrawing  it. 

(d)  With  hydrochloric  acid  the  magnet  causes  slight  increase  of 
speed  of  eolation  and  increase  in  the  amount  of  heat  produced. 
No  change  in  the  nature  of  the  reaction  was  observed.  The  per- 
centage of  ferric  chloride  in  the  solution  at  the  close  of  the  reaction 
was  not  found  to  be  larger  where  the  experiment  took  place  in  the 
magnetic  field  than  under  other  circumstances. 

(e)  With  hydrochloric  acid  in  the  presence  of  an  excess  of  po- 
tassium chlorate,  under  which  circumstances  all  the  iron  was  rap- 
idly converted  into  ferric  chloride,  the  speed  of  reaction  and  amount 
of  heat  produced  were  greater  without  than  within  the  magnetic 
field. 

(/)  With  sulphuric  acid  the  magnet  caused  a  slight  increase  of 
speed  and  decrease  in  the  amount  of  heat  produced  bj'  the  reaction. 

{g)  With  nitric  acid  acting  upon  copper  no  magnetic  effect  could 
be  detected. 


FsTCHROMETRT.     Bt  Frof.  Wm.  Ferrel,  Signal  Service  Office, 
Washington,  D.  C. 

[ABSTBAOT.] 

This  paper  treats  briefly  of  the  great  imperfections  in  the 
principles  and  methods  of  psychrometry  as  still  most  generally 
used  and  of  the  advisability  of  adopting  the  whirled  or  sling 
psychrometer,  as  recently  determined  upon  by  the  Signal  Service. 
It  also  gives  some  account  of  the  steps  taken  by  the  Signal  Service 
in  obtaining  a  new  constant  for  the  pyschrometric  fo'imula  adapt- 
ed to  the  sling  pyschrometer  from  experiments  now  being  made 
for  the  purpose  in  Colorado,  with  a  sling  pyschrometer  and  the 
Regnault  dew-point  apparatus,  and  of  the  results  likely  to  be  ob- 
tained from  them,  as  already  indicated  from  a  partial  discussion 
of  the  data.  The  whole  matter  will  be  finally  published  by  the 
Signal  Service  ofllce. 

^  Preliminary  Note  on  the  Action  of  Aolds  upon  Iron  in  the  Magnetic  Field.   Pro- 
ceedings A.  A.  A.  S.,  1884. 
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Apparent  resistance  of  a  body  of  air  to  a  change  of  form 
UNDER  SUDDEN  COMPRESSION.  By  Comdr.  Theo.  F.  Jewell, 
U.  S.  N.,  Torpedo  Station,  Newport,  R.  I, 

[ABSTRACT.] 

Discs  of  compressed  gun-cotton,  on  which  are  stamped  certain 
letters  and  figures,  when  exploded  on  wrought  iron  plates,  leave 
markings  on  the  plates  similar  to  those  on  the  discs.  The  mark- 
ings are  depressions  in  both  cases,  but  are  inverted  on  the  iron 
plate.  It  is  suggested  that  the  air  enclosed  in  the  letters  and 
figures,  under  the  sudden  and  enormous  pressure  to  which  it  is 
subjected,  acts  like  a  hard  body  and  is  thus  driven  into  the  iron. 

[A  disc  of  gun-cotton  and  an  iron  plate  on  which  a  similar  disc 
had  been  exploded  were  exhibited  at  the  meeting.] 


Telemetric  aid  to  meteorological  records.    By  Henry  E. 
Alvord,  C.  E.,  Houghton  Farm,  Mountainville,  N.  Y. 

[ABSTBACr.] 

A  report  of  progress  in  endeavoring  to  secure  at  Houghton 
Farm,  mechanical  devices  for  automatic  and  continuous  records  of 
meteorological  phenomena.  The  experience  with  special  mercu- 
rial thermometers,  and  thermo-couples,  in  taking  soil  and  atmos- 
pheric temperatures,  is  described  in  Houghton  Farm  pamphlets, 
Agricultural  Physics,  Series  I,  Nos.  3  &  4,  1883 :  Penhallow. 
This  paper  describes  a  recent  trial  of  the  system  of  Telemetry  in 
connection  with  temperatures. 

This  term.  Telemetry,  has  been  applied  to  electrical  apparatus, 
by  which  variable  physical  forces,  such  as  temperature  and  press- 
ure, are  indicated  and  recorded  at  any  distant  point.  The  sys- 
tem consists  of  two  instruments,  the  transmitter,  which  indicates 
the  variable  force  at  the  place  where  it  exists,  and  the  receiver  or 
counterpart  instrument  at  the  place  where  the  variations  are  de- 
sired to  be  known,  to  which  the  recorder  is  attached.  These  two 
instruments  are  maintained  in  perfect  unison,  automatically,  by 
the  skilful  application  of  electricity,  upon  the  open  circuit  prin- 

A.  A.  a.  8.,  VOL.  XXXIV.  6 
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ciple,  thereby  involving  but  slight  expenditure  of  battery  power. 
To  fally  describe  the  mechanism  here  is  unnecessary.^  For  ap* 
plication  to  temperature,  the  transmitter  is  connected  with  a  del- 
icately adjusted  metallic  thermometer,  of  the  Brequet  form ;  its 
index  hand  is  on  the  same  central  shaft  which  carries  the  contact 
ai'm  of  the  transmitter.  This  combined  instrument  is  called  the 
Telethermometer.  At  the  point  of  observation  is  the  metallic 
thermometer,  and  at  the  office,  which  may  be  at  any  reasonable 
distance,  the  mechanism  which  furnishes  on  a  dial,  made  in  ink, 
a  continuous  record  of  the  variation.  The  recorder  is  arranged 
for  dial  records  of  a  single  day  or  a  week  and  with  a  fair  range  in 
the  scale,  so  it  may  be  adjusted  to  suit  the  particular  work  in 
hand. 

Tables  and  charts  are  presented,  comparing  the  records  for  six 
months,  of  a  telethermometer  and  of  standard  mercurial  thermom- 
eter used  as  a  check  om  the  former.  The  labor  involved  in  the 
two  methods  is  also  compared. 

The  complete  record  of  the  telethermometer  is  far  preferable  in 
itself,  besides  the  greater  economy  of  the  system,  which  is  beyond 
comparison.  Always  provided  that  the  telemetric  record  is  accu- 
rate. 

The  comparative  trial  of  these  six  months  has  its  greatest  in- 
terest and  value  in  the  evidence  furnished  on  this  point  of  accu- 
racy. The  observations  on  standard  and  verified  mercurial  ther- 
mometers were  a  sufficient  check  upon  the  new  instruments.  It 
appears  from  the  table  and  the  chart  made  therefrom,  that  tiie 
telethermometer  was  tardy  in  following  the  changes  of  tempera- 
ture and  failed  to  reach  the  extreme  point  for  some  time.  It  is 
important  to  know  just  how  long  a  period  of  constant  temperature 
above  or  below  the  last  moment  recorded,  is  required  to  operate 
the  instrument,  but  as  yet  our  observations  are  not  close  enough 
to  settle  this  point.  This  failure  of  the  telethermometer  to  mark 
the  extreme,  is  far  more  noticeable  as  relates  to  the  minimum.  A 
slight  change  in  the  transmitter  was  made  early  in  July,  and  with 
good  results,  for  the  record  of  that  month  is  the  best.  This  re- 
mains true  of  the  first  half  of  August,  which  is  also  recorded  on 
the  chart.  A  summary  of  thirty  days  in  July  and  August  gives 
this  comparison. 

^See  "The  Electrician  and  Electrical  Engineer"  for  December,  1881. 
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Mean  Temperatures  (F.) : — Max.  Min.  Range.  Daily  Mean. 
Mercurial  Thermometer  .     .     86.4     63.3       23.1  79.20 

Teletherraometer    ....     85.1     67.5       17.6  79.15 

The  daily  mean  given  is  from  the  thirteen  hourly  readings.  The 
differences  during  the  month  were  from  0  to  2.2  degrees,  with  an 
average  of  but  .76  of  one  degree  for  the  whole  time.  This  falls 
within  a  reasonable  limit  of  error  in  observation.  On  this  record 
alone  the  new  system  is  a  complete  substitute  for  the  old.  But 
this  daily  mean  omits  the  minimum  records,  where  the  greatest 
errors  occurred.  The  variation  in  the  mean  daily  range  is  seen  to 
be  5.5  degrees,  which  is  far  too  much.  There  must  be  either 
greater  delicacy  in  the  metallic  thermometer,  or  quicker  action  in 
operating  the  contact  mechanism  of  the  transmitter,  or  both,  to 
meet  all  our  requirements.  This  can  probably  be  done.  Mr. 
Clarke  is  constantly  improving  the  mechanism  of  the  Telemeter 
and  the  various  instruments  to  which  it  is  applied.  A  late  form 
of  the  telethermometer  exposes  the  thermometer  itself  more,  and 
much  increases  its  sensitiveness  and  promptness  of  action. 

The  Telethermometer  is,  therefore,  including  the  faults  noted, 
the  best  aid  yet  found  in  recording  atmospheric  temperatures  for 
agricultural  purposes ;  but  for  soil  temperatures  special  instruments 
must  be  constructed  and  some  additional  device  seems  necessary 
for  correcting  or  setting  the  instrument  in  the  ground,  without 
exhuming,  in  case  accident  throws  it  out  of  gear  as  indicated  by 
the  recorder. 


On  the  contact  theory  of  elkctricitt.    By  Prof.  A.  E.  Dol- 
BEAR,  Tufts  College,  College  Hill,  Mass. 

[AB8TBACT.] 

When  two  different  elements  are  connected  by  a  wire  through  a 
magnetic  telephone,  every  time  they  are  touched  together,  the  de- 
veloped electricity  is  sufficient  to  enable  one  to  hear  the  peculiar 
tick,  and  if  the  contact  be  made  by  vibratorj^  movement  of  suffi- 
cient rate,  a  continuous  sound  may  be  heard. 
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On  an  incandescent  electric  lamp  for  projection.    By  Prof. 
A.  E.  DoLBEAR,  Tufts  College,  College  Hill,  Mass. 

[AB8THA0T.] 

A  Bernstein  electric  lamp  of  carbonized  silk  fibre  having  a 
resistance  while  hot  of  3  ohms  and  requiring  30  volts  gives  250 
to  300  candle  power,  is  steady,  comparable  with  the  lime  light, 
and  for  efficiency  is  about  the  same  as  a  good  arc  light  being  about 
one  watt  per  caudle. 


On  a  new  galvanic  element.    By  Prof.  A.  E.  Dolbear,  Tufts 
College,  College  Hill,  Mass. 

[abstract.] 
An  element  constructed  of  carbon  in  saturated  solution  of  bl- 
<chromate  of  potash  and  sulphuric  acid  and  zinc  in  saturated  solu- 
tion of  ammonium  chloride  has  E.  M.  F.  of  2.1  volts.  Internal 
It  according  to  size  but  generally  less  than  half  an  ohm.  Its  con- 
stancy recommends  it  as  it  yields  a  strong  current  until  it  is  ex- 
hausted and  gives  no  fumes.  If  nitric  acid  be  used  instead  of 
euli^huric  acid  the  E.  M.  F.  is  2.3  volts,  which  is  higher  than  that 
of  any  element  with  ordinary  available  material  that  I  know  of. 


On  surface  transmission  of  electrical  discharges.    By  Prof. 
H.  S.  Carhart,  Northwestern  Universit^'^,  Evanston,  111. 

[ABSTRACT.] 

The  Report  of  the  Commissioner  of  Patents  for  1859  contains 
an  article  by  Professor  Joseph  Henry  on  "Atmospheric  Electric- 
ity" in  which  the  following  passage  occurs : — '*If  the  discharge 
be  not  very  large  an  proportion  to  the  size  of  the  conductor,  it  will 
principally  be  transmitted  at  the  surface."  One  experiment  is 
described,  which  was  thought  to  demonstrate  the  truth  of  the 
statement.  The  present  paper  details  the  method  and  results  of 
an  experimental  inquiry  into  the  theory  of  surface  transmission. 
Two  glass  tubes,  about  one  metre  each  in  length,  were  covered 
with  tin-foil  which  constituted  one  branch  of  a  divided  circuit,  the 
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other  passing  through  the  inside  of  the  tubes.  Between  the  tubes 
were  placed  two  similar  magnetizing  spirals,  one  in  each  branch 
of  the  divided  circuit.  The  two  branches  were  adjusted  to  equal 
resistances.  A  Leyden  jar  was  discharged  through  the  compound 
circuit  and  the  ratio  of  the  charges  conveyed  by  the  two  branches 
was  measured  by  the  magnetic  moment  imparted  to  two  small 
steel  rods  placed  in  the  spirals.  The  magnetization  of  A  in  the 
inner  circuit  was  always  apparently  greater  than  that  of  B  in  the 
outer,  after  a  single  discharge.  After  about  ten  discharges  the 
two  showed  nearly  equal  magnetic  moments  and  both  had  reached 
a  maximum.  Some  unexplained  facts  led  to  an  exchange  of  the 
two  magnets  in  the  coils,  keeping  them  turned  so  that  their  polar- 
ity would  not  be  reversed.  A  single  discharge  of  the  Leyden  jar 
then  served  to  increase  B*s  magnetization  by  50  or  60  per  cent  and 
to  diminish  A's  by  half  as  much.  Subsequent  discharges  increased 
the  magnetism  of  both.  An  explanation  was  sought  by  removing 
gradually  the  exterior  of  both  magnets  by  nitric  acid,  weighing 
after  each  immersion,  and  determining  magnetic  moments.  The  re- 
sult was  expressed  graphically,  showing  that  A's  magnetic  moment 
decreased  from  the  first,  while  B's  first  increased  to  a  maximum 
and  then  decreased.  Thus  B  has  a  thin  external  shell  of  opposite 
polarity  to  the  interior.  When  the  magnets  are  exchanged  in  the 
spirals,  this  thin  shell  is  magnetized  in  the  same  sense  as  the  in- 
terior, while  A  suffers  reversal  of  polarity  on  its  exterior.  Thus 
the  magnetic  moment  of  B  increases  and  of  A  decreases.  An 
explanation  of  this  reversal  was  sought  in  the  theory  of  the  os- 
cillatory discharge.  This  theory,  first  demonstrated  mathematically 
by  Sir-Wm.  Thomson,  indicates  that  the  period  of  the  oscillation 
is  lengthened  by  an  increase  of  the  capacity  of  the  principal  con- 
ductor. It  is  also  lengthened  by  increasing  the  capacity  of  the 
discharger.  Now  the  longer  the  period  of  the  oscillation  the 
greater  the  magnetic  impulse  produced  by  the  discharge.  This 
explains  the  reversal  in  B,  since  the  capacity  of  its  branch  was 
much  greater  than  that  of  the  other.  Experiments  were  made 
with  conductors  of  different  capacities ;  and  the  result,  shown 
graphically,  confirmed  the  indications  of  theory.  The  conclusion 
is  that  while  B  always  shows  a  greater  intensity  of  magnetization 
than  A,  the  difference  is  probably  due  to  difiference  in  the  periods 
of  oscillation  rather  than  to  an  unequal  division  of  the  discharge 
between  the  two  branches. 
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The  relatiok  op  vanishino   and    permanent  magnetism.      By 
Prof.  H.  W.  Eaton,  Louisville,  Ky. 

[abstract.] 
Jamin  found  the  following  laws : — 

1.  The  amount  of  the  vanishing  magnetism  produced  by  a 
current  is  independent  of  the  amount  of  permanent  magnetism 
already  present. 

2.  The  decrease  of  the  permanent  magnetism  of  a  bar  b}^  a 
current  of  the  strength — i  is  independent  of  the  amount  of  magne- 
tism already  present,  and  is  double  the  permanent  magnetism 
which  the  current  +  i  will  produce  in  the  neutral  bar. 

Wiedemann  and  Chowolson  obtained  conflicting  results. 

Nine  series  of  determinations  with  magnetizing  currents  of  dif- 
ferent strengths  show  that  Jamin's  first  law  holds  good  only  when 
the  bar  is  nearly  saturated  with  magnetism.  Wiedemann's  results 
show  that  his  bars  were  not  thus  saturated  and  this  accounts  for 
the  different  results  obtained. 

Sixteen  series  of  tests  show  that  Jamin's  second  law  is  approxi- 
mately true  when  the  demagnetizing  current  is  one  hundred  or 
more  on  the  scale  used,  but  for  weaker  currents  the  law  does  not 
hold  good. 


ntropy.    By  Prof.  J.  Burkitt  Webb,  Stevens  Institute,  Hobo- 
ken,  N.  J. 


The  life  of  the  universe.    By  Prof.  J.  Burkitt   Webb,  Ste- 
vens Institute,  Hoboken,  N.  J. 


A  NEW  HARMONOQRAPH.    By  Prof.  Chas.  H.  Chandler,  Ripon, 
Wis. 


Note  on  electrometers  and  atmospheric  electricitt.  By  Prof. 
T.  C.  Mendenhall,  U.  S.  Signal  Service  Office,  Washington, 
D.  C. 
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Electroltsis  of  salts  of  the  alkalies  and  alkaline  earths. 
By  A.  J.  Rogers,  Milwaukee,  Wis. 


Exhibition  of  a  combined  speotrofhotoheter  and  ophthal- 
MOSPBCTROSOOFE.  By  Prof.  C.  K.  Wead,  Dniv.  of  Michi- 
gan, Ann  Arbor,  Mich. 

Weather  changes  of  long  period.  By  Dr.  H.  Helm  Clayton, 
Ann  Arbor,  Mich. 

The  direct  optical  projection  of  electro-dynamic  "lines  of 
FORCE."    By  Dr.  J.  W.  Moore,  Easton,  Penn. 


The  optical  projection  of  electro-dynamic   phenomena.    By 
Dr.  J.  W.  Moore,  Easton,  Penn. 


Exhibition  of  an  apparatus  for  demonstrating  the  laws  of 
falling  bodies.    By  Prof.  C.  J.  Reed,  Burlington,  la. 


78  SECTION    B. 

as  they  can  be  easily  held,  but  as  it  is  difficult  to  hold  lenses  or 
planes  in  this  way,  without  injuring  the  surfaces,  I  usually  sup- 
port them  in  a  block  of  soft  wood,  turned  so  as  to  touch  only  at 
their  edges,  and  work  the  polisher  over  them.  Though  it  takes 
considerable  practice  to  succeed  at  first,  the  results  are  so  good, 
that  it  well  repays  the  few  hours'  work  it  requires  to  master  the  few 
difficulties  it  presents. 


A  SPECTRO-PHOTOMETRIC  ANALYSIS  OF  THE  COLOR   OP  THE    SKY.      By 

Prof.  Edward  L.  Nichols,  University  of  Kansas,  Lawrence, 
Kansas. 

[ABSTRACT.! 

By  means  of  his  spectro-photometer,  described  at  a  previous 
meeting,  and  elsewhere,^. the  author  has  compared  the  spectrum  of 
the  unclouded  sky  with  that  of  the  light  reflected  by  magnesium 
carbonate,  illuminated  by  direct  sunlight.  Repeated  measure- 
ments of  the  relative  intensities  of  corresponding  portions  of  these 
spectra,  throughout  their  whole  length,  and  similar  comparisons  of 
the  spectrum  of  the  magnesium  carbonate  with  the  direct  spectrum 
of  the  source  of  illumination,  have  furnished  data  from  which  the 
character  of  the  light  sent  u^  from  the  open  sky  can  be  determined, 
and  in  one  sense  its  color  also. 

The  measurements  show  that  the  spectrum  of  the  sky  is  of  the 
same  character  as  that  of  white  light,  varying  less  from  the  reflec- 
tion spectrum  of  a  perfectly  colorless  object  than  do  the  spectra 
of  such  substances  as  white  paper,  sulphate  of  calcium,  carbonate 
of  magnesium,  lamp  black,  etc.,  etc. 

Similar  measurements  were  made  of  the  reflection  spectra  of 
Lord  Rayleigh's  "blue  cloud,"  formed  by  the  precipitation  of  sulphur 
by  hydrochloric  acid  in  a  solution  of  hyposulphite  of  sodium,  and 
of  thin  films  of  antimony  oxide.  It  was  found  that  the  same  is 
true  of  the  light  reflected  by  these  substances. 

The  blue  color  of  the  sky  and  of  other  opalescent  media  is,  ac- 
cording to  these  results,  not  due  to  an  excess  of  the  more  refrangible 
rays  in  the  light  reflected  by  them  ;  but  is  of  "subjective"  character. 

This  view  the  author  has  maintained  in  a  previous  paper^  in 
which  it  was  pointed  out  that  a  well-known  peculiarity  of  the  eye, 

1  Am.  Joarnal  of  Science,  Deo.  1879  and  Nov.  1884. 
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its  rapidly  increasing  sensitiveness  to  violet  with  decrease  of  in- 
tensity of  illumination,  is  sufficient  to  account  for  the  appearance 
of  the  sky  and  of  many  other  objects,  without  having  recourse  to 
the  hypothesis  of  selective  reflection. 

The  object  of  the  present  paper  is  the  presentation  of  experi- 
mental evidence  bearing  upon  this  question. 


On  the  chemical  behavior  of  iron  in  the  magnetic  field. 
By  Prof.  Edvtard  L.  Nichols,  University  of  Kansas,  Law- 
rence, Kansas. 

[abstract.] 

This  paper  deals  with  the  continuation  of  the  preliminary  ex- 
periments on  the  action  of  acids  upon  iron  in  the  magnetic  field, 
described  in  a  paper  presented  by  title  at  the  Philadelphia  meeting.^ 
It  is  found  that  when  aqua  regia,  nitric  acid,  hydrochloric  acid,  or 
sulphuric  acid  act  upon  iron,  the  reaction  is  modified,  by  being  car- 
ried on  in  the  magnetic  field,  as  to  speed,  amount  of  heat  produced 
and,  sometimes,  as  to  chemical  cliaracter. 

(a)  With  aqua  regia,  the  speed  of  reaction  is  increased  many 
times  by  the  action  of  the  magnet,  the  amount  of  heat  produced 
is  greater  and  at  temperatures  at  which,  otherwise,  hydrogen  gas 
alone  would  be  evolved,  the  magnet  causes  the  production  of  nitrous 
fumes  as  well.  This  change  in  the  reaction  can  be  brought  about 
at  any  stage  of  the  experiment  by  actuating  the  electro-magnet 
between  the  poles  of  which  the  experiment  is  going  on  ;  and  it  is 
always  accompanied  by  a  rapid  rise  in  the  temperature  of  the  solu- 
tion. 

(b)  With  nitric  acid  similar  modifications  are  observed  ;  i.  e.,  in- 
crease of  speed  and  the  production  of  nitrous  fumes  instead  of 
hydrogen.  The  experiments  do  not  indicate  an  increase  of  heat 
when  the  reaction  occurs  in  the  magnetic  field. 

(c)  The  passivity  of  iron  in  strong  nitric  acid  is  destroyed  by 
magnetic  action,  but  may  be  restored  even  after  the  reaction  has 
made  considerable  progress  within  the  field  by  the  removal  of  the 
solution  from  the  neighborhood  of  the  magnet,  and  again  destroyed 

^A  newExplanatioii  of  the  Colour  of  the  Sky :  PhU.  Mng.  Dec.  1879. 
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and  restored  at  will  by  alternately  bringing  the  solution  into 
the  field  and  withdrawing  it. 

{d)  With  hydrochloric  acid  the  magnet  causes  slight  increase  of 
speed  of  solution  and  increase  in  the  amount  of  heat  produced. 
No  change  in  the  nature  of  the  reaction  was  observed.  The  per- 
centage of  feiTic  chloride  in  the  solution  at  the  close  of  the  reaction 
was  not  found  to  be  larger  where  the  experiment  took  place  in  the 
magnetic  field  than  under  other  circumstances. 

(e)  With  hydrochloric  acid  in  the  presence  of  an  excess  of  po* 
tassium  chlorate,  under  which  circumstances  all  the  iron  was  rap- 
idly converted  into  ferric  chloride,  the  speed  of  reaction  and  amount 
of  heat  produced  were  greater  without  than  within  the  magnetic 
field. 

(/)  With  sulphuric  acid  the  magnet  caused  a  slight  increase  of 
speed  and  decrease  in  the  amount  of  heat  produced  bj^  the  reaction. 

{g)  With  nitric  acid  acting  upon  copper  no  magnetic  efiTect  could 
be  detected. 


PsTCHROMETRT.     Bt  Prof.  Wm.  Ferrel,  Signal  Service  OfiSce, 
Washington,  D.  C. 

[▲B8TRA0T.] 

This  paper  treats  briefly  of  the  great  imperfections  in  the 
principles  and  methods  of  psychrometry  as  still  most  generally 
used  and  of  the  advisability  of  adopting  the  whirled  or  sling 
psychrometer,  as  recently  determined  upon  by  the  Signal  Service. 
It  also  gives  some  account  of  the  steps  taken  by  the  Signal  Service 
in  obtaining  a  new  constant  for  the  pjschrometric  fdimula  adapt- 
ed to  the  sling  pyschrometer  from  experiments  now  being  made 
for  the  purpose  in  Colorado,  with  a  sling  pyschrometer  and  the 
Regnault  dew-point  apparatus,  and  of  the  results  likely  to  be  ob- 
tained from  them,  as  already  indicated  from  a  partial  discussion 
of  the  data.  The  whole  matter  will  be  finally  published  by  the 
Signal  Service  ofiice. 

1  Preliminary  Nofce  on  tiie  Action  of  Acids  upon  Iron  in  the  Magnetic  Field.   Pro- 
ceedings A.  A*  A.  Sm  1884. 


PHT8ICS.  81 

Apparekt  resistance  of  a  body  of  air  to  a  change  of  forh 
UNDER  SUDDEN  COMPRESSION.  By  Comdr.  Theo.  F.  Jewell, 
U.  S.  N.,  Torpedo  Station,  Newport,  R.  I. 

[ABSTRACT.] 

Discs  of  compressed  gun-cotton,  on  which  are  stamped  certain 
letters  and  figures,  when  exploded  on  wrought  iron  plates,  leave 
markings  on  the  plates  similar  to  those  on  the  discs.  The  mark- 
ings are  depressions  in  both  cases,  but  are  inverted  on  the  iron 
plate.  It  is  suggested  that  the  air  enclosed  in  the  letters  and 
figures,  under  the  sudden  and  enormous  pressure  to  which  it  is 
subjected,  acts  like  a  hard  body  and  is  thus  driven  into  the  iron. 

[A  disc  of  gun-cotton  and  an  iron  plate  on  which  a  similar  disc 
had  been  exploded  were  exhibited  at  the  meeting.] 


Telemetric  aid  to  meteorological  records.    By  Henrt  E. 
Alvord,  C.  E.,  Houghton  Farm,  Mountainville,  N.  Y. 

[ABSTBACT.] 

A  REPORT  of  progress  in  endeavoring  to  secure  at  Houghton 
Farm,  mechanical  devices  for  automatic  and  continuous  records  of 
meteorological  phenomena.  The  experience  with  special  mercu- 
rial thermometers,  and  thermo-couples,  in  taking  soil  and  atmos- 
pheric temperatures,  is  described  in  Houghton  Farm  pamphlets. 
Agricultural  Physics,  Series  I,  Nos.  3  &  4,  1883 :  Penhallow. 
This  paper  describes  a  recent  trial  of  the  system  of  Telemetry  in 
connection  with  temperatures. 

This  term.  Telemetry,  has  been  applied  to  electrical  apparatus, 
by  which  variable  physical  forces,  such  as  temperature  and  press- 
ure, are  indicated  and  recorded  at  any  distant  point.  The  sys- 
tem consists  of  two  instruments,  the  transmitter,  which  indicates 
the  variable  force  at  the  place  where  it  exists,  and  the  receiver  or 
counterpart  instrument  at  the  place  where  the  variations  are  de- 
sired to  be  known,  to  which  the  recorder  is  attached.  These  two 
instruments  are  maintained  in  perfect  unison,  automatically,  by 
the  skilful  application  of  electricity,  upon  the  open  circuit  prin- 

A.  A.  A.  S.,  VOL.  XXXIV.  6 
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ciple,  thereby  involving  but  slight  expenditure  of  battery  power. 
To  fully  describe  the  mechanism  here  is  unnecessary.^  For  ap- 
plication to  temperature,  the  transmitter  is  connected  with  a  del- 
icately adjusted  metallic  thermometer,  of  the  Brequet  form ;  its 
index  hand  is  on  the  same  central  shaft  which  carries  the  contact 
arm  of  the  transmitter.  This  combined  instrument  is  called  the 
Telethermometer.  At  the  point  of  observation  is  the  metallic 
thermometer,  and  at  the  office,  which  may  be  at  any  reasonable 
distance,  the  mechanism  which  furnishes  on  a  dial,  made  in  ink, 
a  continuous  record  of  the  variation.  The  recorder  is  arranged 
for  dial  records  of  a  single  day  or  a  week  and  with  a  fair  range  in 
the  scale,  so  it  may  be  adjusted  to  suit  the  particular  work  in 
hand. 

Tables  and  charts  are  presented,  comparing  the  records  for  six 
months,  of  a  telethermometer  and  of  standard  mercurial  thermom- 
eter used  as  a  check  om  the  former.  The  labor  involved  in  the 
two  methods  is  also  compared. 

The  complete  record  of  the  telethermometer  is  far  preferable  in 
itself,  besides  the  greater  economy  of  the  system,  which  is  beyond 
comparison.  Always  provided  that  the  telemetric  record  is  accu- 
rate. 

The  comparative  trial  of  these  six  months  has  its  greatest  in- 
terest and  value  in  the  evidence  furnished  on  this  point  of  accu- 
racy. The  observations  on  standard  and  verified  mercurial  ther- 
mometers were  a  sufficient  check  upon  the  new  instruments.  It 
appears  from  the  table  and  the  chart  made  therefrom,  that  the 
telethermometer  was  tardy  in  following  the  changes  of  tempera- 
ture and  failed  to  reach  the  extreme  point  for  some  time.  It  is 
important  to  know  just  how  long  a  period  of  constant  temperature 
above  or  below  the  last  moment  recorded,  is  required  to  operate 
the  instrument,  but  as  yet  our  observations  are  not  close  enough 
to  settle  this  point.  This  failure  of  the  telethermometer  to  mark 
the  extreme,  is  far  more  noticeable  as  relates  to  the  minimum.  A 
slight  change  in  the  transmitter  was  made  early  in  July,  and  with 
gooil  results,  for  the  record  of  that  month  is  the  best.  Tltis  re- 
mains true  of  the  first  half  of  August,  which  is  also  recorded  on 
the  chart.  A  summary  of  thirty  days  in  July  and  August  gives 
this  comparison. 

X  See  "The  Electrician  and  Electrical  Engineer  "  for  December,  ls$4. 
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Mean  Temperatures  (F.)  : — Max.  Min.  Range.  Daily  Mean. 
Mercurial  Thermometer  .     .     86.4     63.3       23.1  79.20 

Telethermoraeter    ....     85.1     67.5       17.6  79.15 

The  daily  mean  given  is  from  the  thirteen  hourly  readings.  The 
differences  during  the  month  were  from  0  to  2.2  degrees,  with  an 
average  of  but  .76  of  one  degree  for  the  whole  time.  This  falls 
within  a  reasonable  limit  of  error  in  observation.  On  this  record 
alone  the  new  system  is  a  complete  substitute  for  the  old.  But 
this  daily  mean  omits  the  minimum  records,  where  the  greatest 
errors  occurred.  The  variation  in  the  mean  daily  range  is  seen  to 
be  5.5  degrees,  which  is  far  too  much.  There  must  be  either 
greater  delicacy  in  the  metallic  thermometer,  or  quicker  action  in 
operating  the  contact  mechanism  of  the  transmitter,  or  both,  to 
meet  all  our  requirements.  This  can  probably  be  done.  Mr. 
Clarke  is  constantly  improving  the  mechanism  of  the  Telemeter 
and  the  various  instruments  to  which  it  is  applied.  A  late  form 
of  the  telethermometer  exposes  the  thermometer  itself  more,  and 
much  increases  its  sensitiveness  and  promptness  of  action. 

The  Telethermometer  is,  therefore,  including  the  faults  noted, 
the  best  aid  yet  found  in  recording  atmospheric  temperatures  for 
agricultural  purposes  ;  but  for  soil  temperatures  special  instruments 
must  be  constructed  and  some  additional  device  seems  necessary 
for  correcting  or  setting  the  instrument  in  the  ground,  without 
exhuming,  in  case  accident  throws  it  out  of  gear  as  indicated  by 
the  recorder. 


On  the  contact  THEORr  op  electricity.    By  Prof.  A.  E.  Dol- 
BEAR,  Tufts  College,  College  Hill,  Mass. 

[abstract.] 
When  two  different  elements  are  connected  by  a  wire  through  a 
magnetic  telephone,  every  time  they  are  touched  together,  the  de- 
veloped electricity  is  sufficient  to  enable  one  to  hear  the  peculiar 
tick,  and  if  the  contact  be  made  by  vibrator}'^  movement  of  suffi- 
cient rate,  a  continuous  sound  may  be  heard. 
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On  an  incandescent  electric  lamp  for  projection.    By  Prof. 
A.  £.  DoLBEAR,  Tufts  College,  College  Hill,  Mass. 

[ABSTRACT.] 

A  Bernstein  electric  lamp  of  carbonized  silk  fibre  having  a 
resistance  while  hot  of  3  ohms  and  requiring  30  volts  gives  250 
to  300  candle  power,  is  steady,  comparable  with  the  lime  light, 
and  for  efficiency  is  about  the  same  as  a  good  arc  light  being  about 
one  watt  per  candle. 


On  a  new  galvanic  element.     By  Prof.  A.  E.  Dolbear,  Tufts 
College,  College  Hill,  Mass. 

[ABSTRACT.] 

An  element  constructed  of  carbon  in  saturated  solution  of  bi- 
chromate of  potash  and  sulphuric  acid  and  zinc  in  saturated  solu- 
tion of  ammonium  chloride  has  £.  M.  F.  of  2.1  volts.  Internal 
II  according  to  size  but  generally  less  than  half  an  ohm.  Its  con- 
stancy recommends  it  as  it  yields  a  strong  current  until  it  is  ex- 
hausted and  gives  no  fumes.  If  nitric  acid  be  used  instead  of 
suli^huric  acid  the  E.  M.  F.  is  2.3  volts,  which  is  higher  than  that 
of  any  element  with  ordinary  available  material  that  I  know  of. 


On  surface  transmission  of  electrical  discharges.    By  Prof. 
II.  S.  Carhart,  Northwestern  University,  Evanston,  111. 

[ABSTRACT.] 

The  Report  of  the  Commissioner  of  Patents  for  1859  contains 
an  article  by  Professor  Joseph  Henry  on  "Atmospheric  Electric- 
ity" in  which  the  following  passage  occurs : — "If  the  discharge 
be  not  very  large  an  proportion  to  the  size  of  the  conductor,  it  will 
principally  be  transmitted  at  the  surface."  One  experiment  is 
described,  which  was  thought  to  demonstrate  the  truth  of  the 
statement.  The  present  paper  details  the  method  and  results  of 
an  experimental  inquiry  into  the  theory  of  surface  transmission. 
Two  glass  tubes,  about  one  metre  each  in  length,  were  covered 
with  tin-foil  which  constituted  one  branch  of  a  divided  circuit,  the 
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other  passing  through  the  inside  of  the  tubes.  Between  the  tubes 
were  placed  two  similar  magnetizing  spirals,  one  in  each  branch 
of  the  divided  circuit.  The  two  branches  were  adjusted  to  equal 
resistances.  A  Leyden  jar  was  discharged  through  the  compound 
circuit  and  the  ratio  of  the  charges  conveyed  by  the  two  branches 
was  measured  by  the  magnetic  moment  imparted  to  two  small 
steel  rods  placed  in  the  spirals.  The  magnetization  of  A  in  the 
inner  circuit  was  always  apparently  greater  than  that  of  B  in  the 
outer,  after  a  single  discharge.  After  about  ten  discharges  the 
two  showed  nearly  equal  magnetic  moments  and  both  had  reached 
a  maximum.  Some  unexplained  facts  led  to  an  exchange  of  the 
two  magnets  in  the  coils,  keeping  them  turned  so  that  their  polar- 
ity would  not  be  reversed.  A  single  discharge  of  the  Leyden  jar 
then  served  to  increase  B's  magnetization  by  50  or  60  per  cent  and 
to  diminish  A's  by  half  as  much.  Subsequent  discharges  increased 
the  magnetism  of  both.  An  explanation  was  sought  by  removing 
gradually  the  exterior  of  both  magnets  by  nitric  acid,  weighing 
after  each  immersion,  and  determining  magnetic  moments.  Tlie re- 
sult was  expressed  graphically,  showing  that  A's  magnetic  moment 
decreased  from  the  first,  while  B's  first  increased  to  a  maximum 
and  then  decreased.  Thus  B  has  a  thin  external  shell  of  opposite 
polarity  to  the  interior.  When  the  magnets  are  exchanged  in  the 
spirals,  this  thin  shell  is  magnetized  in  the  same  sense  as  the  in- 
terior, while  A  suffers  reversal  of  polarity  on  its  exterior.  Thus 
the  magnetic  moment  of  B  increases  and  of  A  decreases.  An 
explanation  of  this  reversal  was  sought  in  the  theory  of  the  os- 
cillatory discharge.  This  theory,  first  demonstrated  mathematically 
by  Sir*Wm.  Thomson,  indicates  that  the  period  of  the  oscillation 
is  lengthened  by  an  increase  of  the  capacity  of  the  principal  con- 
ductor. It  is  also  lengthened  by  increasing  the  capacity  of  the 
discharger.  Now  the  longer  the  period  of  the  oscillation  the 
greater  the  magnetic  impulse  produced  by  the  discharge.  This 
explains  the  reversal  in  B,  since  the  capacity  of  its  branch  was 
much  greater  than  that  of  the  other.  Experiments  were  made 
with  conductors  of  different  capacities ;  and  the  result,  shown 
graphically,  confirmed  the  indications  of  theory.  The  conclusion 
is  that  while  B  always  shows  a  greater  intensity  of  magnetization 
than  A,  the  difference  is  probably  due  to  difference  in  the  periods 
of  oscillation  rather  than  to  an  unequal  division  of  the  discharge 
between  the  two  branches. 
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The  rblatiok  of  vakishino   and    permanent  magnetism.     By 
Prof.  H.  W.  Eaton,  Louisville,  Ky. 

[abstract.] 
Jamin  found  the  following  laws : — 

1.  The  amount  of  the  vanishing  magnetism  produced  by  a 
current  is  independent  of  the  amount  of  permanent  magnetism 
already  present. 

2.  The  decrease  of  the  permanent  magnetism  of  a  bar  by  a 
current  of  the  strength — i  is  independent  of  the  amount  of  magne- 
tism already  present,  and  is  double  the  permanent  magnetism 
which  the  current  +  i  will  produce  in  the  neutral  bar. 

Wiedemann  and  Chowolson  obtained  conflicting  results. 

Nine  series  of  determinations  with  magnetizing  currents  of  dif- 
ferent strengths  show  that  Jamin's  first  law  holds  good  only  when 
the  bar  is  nearly  saturated  with  magnetism.  Wiedemann's  results 
show  that  his  bars  were  not  thus  saturated  and  this  accounts  for 
the  different  results  obtained. 

Sixteen  series  of  tests  show  that  Jamin's  second  law  is  approxi- 
mately true  when  the  demagnetizing  current  is  one  hundred  or 
more  on  the  scale  used,  but  for  weaker  currents  the  law  does  not 
hold  good. 


ntropt.    By  Prof.  J.  Bdrkitt  Webb,  Stevens  Institute,  Hobo- 
ken,  N.  J. 


The  life  of  the  universe.    By  Prof.  J.  Bdrkitt   Webb,  Ste- 
vens Institute,  Hoboken,  N.  J. 


A  NEW  HARMONOGRAPH.     By  Prof.  Chas.  H.  Chandler,  Ripon, 
Wis. 


Note  on  electrometers  and  atmospheric  electricity.  By  Prof. 
T.  C.  Mendenhall,  U.  S.  Signal  Service  Office,  Washington, 
D.  C. 
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£lectroltsis  of  salts  of  the  alkalies  and  alkaline  earths. 
By  A.  J.  Rogers,  Milwaukee,  Wis. 


Exhibition  of  a  combined  spectrophotometer  and  ophthal- 
mospectroscope.  By  Prof.  C.  K.  Wead,  Univ.  of  Michi- 
gan, Ann  Arbor,  Mich. 

Weather  changes  of  long  period.  By  Dr.  H.  Helm  Clayton, 
Ann  Arbor,  Mich. 

The  direct  optical  projection  of  electro-dynamic  "lines  op 
force."    By  Dr.  J.  W.  Moore,  Easton,  Penn. 


The  optical  projection  of  electro-dynamic   phenomena.    By 
Dr.  J.  W.  Moore,  Easton,  Penn. 


Exhibition  of  an  apparatus  for  demonstrating  the  laws  of 
FALLING  bodies.     By  Prof.  C.  J.  Reed,  Burlington,  la. 
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ADDRESS 

BY 

WM.  RIPLEY  NICHOLS. 

VICE  PRESIDENT,  SECTION  C,  CHEMISTRY. 


CHEMISTBT  IN  THE  SERVICE  OF  PUBLIC  HEALTH. 


In  attempting  to  comply  with  that  clause  of  our  constitution 
which  requires  the  several  vice-presidents  to  give  addresses  to 
their  respective  sections,  I  propose  to  speak  briefly  of 

Chemistry  in  the  service  of  public  health. 

It  may  seem  to  some  that  it  would  be  more  fitting  on  such  an 
occasion  as  this,  either  to  review  the  progress  of  our  science  for 
the  last  year  or  for  a  series  of  years,  or  else  to  speak  upon  some 
subject  of  general  theoretical  interest.  If  any  are  inclined  to 
criticise  my  choice  of  that  branch  of  applied  chemistry  with  which 
I  am  most  familiar,  I  trust  they  will  consider  that,  after  all,  few  of 
us  have  the  opportunity  or — let  us  confess  it — the  ability  to  carry 
research  and  speculation  to  the  highest  regions  to  which  chemistry 
is  capable  of  rising.  With  the  chemist,  as  with  other  men,  the 
particular  line  of  work  is  not  determined  solely  by  choice  but  often 
by  force  of  circumstances,  but  there  is  no  reason  why  we  should 
not  all  have  the  true  spirit  of  science,  the  intelligent  desire  for 
truth  as  ^^et  unachieved,  searching  for  it  as  we  can  and  making 
honest  use  of  it  when  acquired,  even  if  we  sometimes  feel  that 
other  walks  in  our  chosen  profession  are  higher  than  those  in  which 
our  own  lines  have  fallen. 

We  are  born  men  before  we  become  scientists  and,  although  the 
attractions  of  pure  science  studied  for  its  own  sake  may  be  very 
great,  the  application  of  the  truths  acquired  to  the  good  of  our 
fellow-men  ought  not  to  be  considered  as  in  any  sense  belittling  to 
our  science.  While  all  the  sciences  may  thus  be  expected  to  con- 
tribute to  the  general  good,  there  is  peculiar  appropriateness  in 
chemistry's  being  called  upon  to  serve  the  public  health,  because 

(91) 
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many  of  the  dangers  to  which  the  public  health  is  liable  result  from 
the  industrial  and  other  applications  of  chemistry  itself.  One  of 
our  own  poets^  has  said,  '^for  artificial  evils,  for  evils  that  spring 
from  want  of  thought,  thought  must  find  a  remedy  somewhere." 
How  often  the  story  repeats  itself  of  a  chemical  industry,  valuable 
in  itself,  established  either  without  regard  to  the  efifect  on  the  pub- 
lic or  in  a  locality  where  for  the  moment  there  seems  to  be  no  pub- 
lic but  which  long  in  advance  of  anticipation  becomes  more  or  less 
thickly  settled.  In  such  cases,  it  is  right  that  chemistry  should 
afibrd  a  remedy. 

The  study  of  hygiene, — the  study  of  the  surroundings  and  in- 
fluences which  affect  the  public  health  must  involve  a  study  of 
those  surroundings  in  their  normal  condition  and  of  those  objects 
or  circumstances  which  interfere  with  their  working  or  which  cre- 
ate conditions  which  are  abnormal.  We  are  thus  involved  in  a 
study  of  the  air  about  us,  its  normal  composition  and  the  changes 
which  that  composition  undergoes  on  account  of  the  crowding  to- 
gether of  individuals  or  on  account  of  the  pursuit  of  manufacturing 
industries.  Nor  can  we  be  content  with  a  study  of  the  atmosphere 
about  us :  there  is  the  atmosphere  beneath  our  feet — the  ground 
air — which  also  forms  a  subject  for  investigation.  The  water 
that  we  drink  and  that  which  we  defile  either  by  our  own  excreta 
or  by  the  refuse  of  our  manufactories,  the  food  that  we  eat  and  the 
adulterations  to  which  it  is  subject,  the  clothes  that  we  wear,  the 
bouses  that  we  inhabit,  the  pavements  that  we  tread, — these  are 
some  of  the  subjects  which  the  student  of  sanitary  science  has  to 
consider,  and  in  connection  with  all  of  them,  chemistry  is  compe- 
tent to  lend  valuable  aid.  With  the  intention  of  returning  to 
some  of  these  points  in  more  detail  hereafter,  we  pass  on  to  note 
that 

In  the  service  of  sanitary  scieiice^  chemistry  has  aii  educational 
office  to  Jill. 

The  public  has  very  little  conception  of  what  the  capabilities 
and  limitations  of  chemistry  are.  A  person  asks  you  "What  will 
it  cost  to  analyze  some  eggs?"  another  wishes  to  know  what  it  will 
cost  to  analyze  a  gallon  of  water ;  another  cannot  understand  why, 
when  water  has  been  brought  in  a  dirty  jug,  the  chemist  cannot 
distinguish  between  the  dirt  of  the  jug  and  the  dirt  of  the  water, 
and  express  an  opinion  as  to  what  the  quality  of  the  water  would 
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be  if  it  were  brought  in  a  clean  vessel.  Again  in  such  a  matter  as 
the  adulteration  of  food,  there  is  a  field  for  chemical  instruction,  a 
chance  to  demolish  many  fallacies.  It  is  almost  impossible  for 
the  (chemically)  uneducated  public  to  understand  that  when  chem- 
ical  action  takes  place,  the  properties  of  the  substances  concerned 
are  not  carried  into  the  product.  Thus,  because  carboys  of  that 
horrible  substance  known  as  ^^vitriol"  are  carried  into  glucose  fac- 
tories, it  is  difficult  to  persuade  the  average  observer  that  the  fin« 
ished  product  does  not  possess  the  corrosive  qualities  of  the  acid, 
and  even  more  dreadful  is  the  use  of  aqua  fortis  in  the  manufac- 
ture of  oleo-margarine.  I  remember  a  strong  temperance  argu- 
ment against  the  use  of  manufactured  liquors,  one  of  the  chief 
points  in  the  indictment  being  the  horrible  causticity  of  spirit 
which  had  been  rectified  over  quick-lime. 

There  must  needs  be  reformers  and  philanthropists,  I  suppose, 
and  it  must  happen,  I  suppose,  that  many  of  them  are  extremists, — 
and  nowhere  more  than  in  sanitary  matters  is  a  little  knowledge  a 
dangerous  thing.  At  the  present  moment  the  microbes  or  bacteria 
are  prominent  in  the  minds  of  such  extremists  and  are  the  bug- 
bears which  make  our  continued  existence  iu  this  life  a  constant 
miracle :  a  short  time  ago  it  was  a  something  having  a  definite 
and  well-characterized  existence  only  in  the  minds  of  the  terror- 
ists, and  designated  by  the  name  of  ^'  sewer-gas ; "  frequently  it 
has  been  the  adulteration  of  food. 

The  microbes,  we  are  content  to  leave  to  the  biologists ;  they 
may  discuss  them  and  educate  the  public  into  the  idea  that  there 
are  beneficent  as  well  as  pathogenic  micro-organisms ;  perhaps 
the  emanations  from  ill-kept  drains  and  soil-pipes  may  be  rele- 
gated to  the  same  scientists  since  chemistry  has  failed  to  discover 
in  the  gases  any  chemical  substance  which  can  produce  the  specific 
effects  ascribed  to  them.  The  worst  of  all  this  terrorism  is  that 
there  is  usually  something  of  truth  at  the  bottom  of  the  scare ; 
there  are  pathogenic  microbes,  and  persons  have  been  made  sick 
by  the  emanations  from  drains.  In  the  matter  of  food  adultera- 
tion, the  origin  of  the  error  is  often  obvious.  Thus  tea  is  said  to 
be  adulterated  with  prussic  acid ;  at  first  we  may  be  inclined  to 
laugh  at  the  idea,  but  then  we  see  how  it  arose  from  the  use  of 
Prussian  Blue  in  the  facing.  To  bring  the  truth  out  of  that  which 
is  largely  false  and  to  distinguish  between  adulterations  which  are 
harmful  and  those  which  are  simply  fraudulent,  is  a  task  which 
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all  chemists  have  periodically  to  take  up.  There  are  points  at 
which  we  are  ourselves  at  fault.  '^  Lime  is  a  very  caustic  sub* 
stance ;  its  action  on  the  skin  is  familiar ;  docs  this  sample  of  glu- 
cose contain  any  lime?  "  "  Oh,  no  I  "  "  Sulphuric  acid  —  why,  that 
is  vitriol;  does  the  glucose  contain  any  of  that  corrosive  acid?" 
"  Oh,  no ! "  and  yet  if  we  make  an  analysis  of  the  sample  we  are 
very  likely  to  report  so  much  lime  and  so  mudi  sulphuric  acid  pres* 
ent.  Again,  in  the  use  of  the  term  impunty  are  we  not  in  fault? 
What  do  we  mean  by  the  "total  solid  impurity  "  in  a  water? 
What  is  there  impure  about  gypsum,  either  solid  or  in  solution  ? 
Or  about  carbonate  of  lime  or  chloride  of  sodium?  What  is  a  pure 
baking-powder?  What  is  there  impure  about  alum  or  carbonate 
of  ammonia  or  acid  phosphate  of  lime? 

It  is  not  only  with  regard  to  the  adulterations  of  foods  that 
popular  fallacies  exist.  Thus  in  our  school-days  we  were  taught 
that  the  worst  air  in  a  room  is  at  the  bottom,  and  some  of  us  were 
even  told  that  if  a  lighted  match  were  dropped  in  a  crowded  theater 
it  could  do  no  harm  as,  before  reaching  the  floor,  iV would  be  ex- 
tinguished by  the  accumulated  carbonic  acid.  We  are  taught  bet- 
ter now-a-days,  not  simply  as  a  result  of  theoretical  reasoning,  but 
as  a  result  of  the  actual  experiments  of  such  men  as  Pettenkofer 
and  his  pupils  and  assistants. 

It  is  perhaps  not  altogether  to  our  credit  that  we  so  often  need 
the  spur  of  extravagance  to  lead  us  to  lay  before  the  public  the 
truth  with  regard  to  existing  evils.  The  reason  is  obvious :  few 
of  us  can  afford  to  bear  the  expense  of  the  investigations  which 
must  be  made  in  order  that  we  may  speak  with  confldence,  and 
our  unvarnished  and  unexaggerated  statement  of  things  as  they 
really  are,  cannot  awaken  that  public  interest  which  arises  when 
people  imagine  after  each  meal  that  they  feel  the  astringent  effect 
of  the  alum  in  the  bread,  the  burning  sensation  of  the  Hme  or  vit- 
riol in  the  glucose-adulterated  sugar  and  the  heavy  weight  of  the 
clay  out  of  which  the  coffee  berries  were  moulded. 

It  is  certainly  an  important  sei'vice  to  public  health  —  tliat  of  in- 
vestigating the  actual  condition  of  existing  evils — 

And  we  would  not  leave  the  impression  that  the  motion  alwa3's 
comes  from  extravagant  reformers  and  professed  philanthropists, 
or  that  the  truth  is  always  reached  by  a  rebound  from  a  too  ad* 
vanced  position.  We  can  hardly,  for  example,  bring  the  charge 
of  extravagance  against  the  investigation  of  the  Lancet  (1851- 
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1854)  into  the  character  of  articles  of  food  sold  in  London,  which 
was  made  by  Hassall,  and  which  formed  the  foundation  of  his 
"  Food  and  its  Adulterations"  (London,  1855)  ;  a  work  which  is 
still  regarded  as  an  authority,  and  of  which  a  new  edition  was  pub- 
lished as  late  as  1876.  Again,  if  one  reads  the  easily  accessible 
evidence  given  in  England  before  parliamentary  committees  and 
commissions  with  reference  to  the  passage  of  various  bills  in  the 
interest  of  public  health,  it  is  apparent  that  chemists,  as  such, 
have  exercised  a  great  influence  in  modern  sanitary  legislation. 
This  leads  to  another  point  where  chemistry'  comes  advantageously 
in  contact  with  public  health  —  namely : 

In  suggesting  practical  remedies  for  existing  evils, —  the  office  of 
chemistry  being  constructive  as  loell  as  destructive. 

These  evils  spring  not  from  natural  but  from  artificial  causes ; 
some  one  is  responsible  for  them,  and  draws  pecuniary  benefit 
from  them. 

Some  seem  to  believe  that  the  proper  method  of  proceeding  in 
all  cases  is  to  ascertain  the  existence  of  the  offence,  and  then  to 
order  its  discontinuance  at  any  cost,  leaving  the  ofiTending  parties 
to  devise  their  own  remedies,  or,  it  may  be,  to  cease  altogether 
from  a  profitable  manufacture.  This  method  may  be  applicable 
in  some  cases,  especially  in  those  which  are  acute^  and  where  the 
interests  opposed  to  the  public  health  are  of  small  relative  impor- 
tance :  thus,  if  a  manufacturer  is  discovered  casting  large  quanti- 
ties of  some  arsenical  residues  into  a  small  stream  or  pond  used 
for  water  supply,  or  if  a  newly  established  manufactory  sends 
forth  acid  or  other  unwholesome  or  disagreeable  vapors,  to  the 
detriment  of  a  neighborhood  where  it  has  been  deliberately  built, 
noiconsideration  of  individual  hardship  should  stand  in  the  way  of 
the  public  good. 

The  method  of  action  must,  however,  be  different  in  chronic 
cases.  Where  the  evil  has  been  long  growing,  or  is  of  long  stand- 
ing, or  where  the  conditions  or  surroundings  have  materially  al- 
tered since  an  industry  was  established,  or  where  large  pecuniary 
interests  are  involved,  such  summary  legislation  is  as  a  rule  unjust. 
While  we  do  not  mean  that  the  enactment  should  specify  all  the 
details  of  method  by  which  the  law  may  be  complied  with,  it  should 
at  least,  have  in  view,  in  a  general  way,  a  practicable  solution  of 
the  difllculty,  and  especially  with  reference  to  chemical  trades  and 
chemical  nuisances,  it  is  for  chemistry  to  say  what  is  practicable. 
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As  an  example  of  successful  sanitary  legislation,  and,  at  the 
same  time,  to  a  certain  extent,  as  an  example  of  chemistry  repair- 
ing, or,  at  least,  mitigating  the  damage  of  which  chemistry  has 
been  guilty,  we  may  take  the  passage  and  operation  of  the  Alkali 
Act  of  1863  in  Great  Britain.  The  neighborhood  of  an  English 
alkali  work  is  not  one  that  a  perfectly  free  agent  would  be  likely 
to  choose  for  a  dwelling-place,  but  what  must  it  have  been  when 
torrents  of  hydrochloric  acid,  which  are  now  condensed,  were  al- 
lowed to  pour  forth  into  the  air?  Referring  to  the  ante-alkali-act 
days,  the  first  inspector,  Dr.  Angus  Smith,  said : 

^'Some  years  ago  as  is  well  known  the  escape  of  the  whole  [of 
the  hydrochloric  acid]  was  allowed  ;  but  as  the  manufacture  in- 
creased the  public  complained  more  and  the  alkali  makers  erected 
condensers.  Besides  this  cause  the  value  of  the  muriatic  acid  had 
gradually  been  increasing  and  its  condensation  had  in  some  places 
become  a  source  of  profit.  Nevertheless  it  is  true  that  thorough 
condensation  was  known  to  very  few  and  practised  by  still  fewer 
up  to  the  time  of  the  passing  of  the  Act,  and  it  even  happened 
for  some  time  after  inspection  had  begun,  40  per  cent  of  the  gas 
was  allowed  to  escape  whilst  16  was  a  very  common  amount.^ 

"If  we  estimate  the  escape  of  muriatic  acid  at  1,000  tons  per 
week  before  the  passing  of  the  Alkali  Act,  or  at  least  before  the 
introduction  of  the  Alkali  Bill  into  Parliament,  we  may  be  consid- 
ered as  taking  a  very  moderate  view  of  the  question.  ♦  ♦  ♦  This 
quantity  amounts  to  208,000  tons  per  annum." 

The  Alkali  Act  of  1863  required  that  every  alkali  work  should 
condense  "not  less  than  95  per  centum  of  the  muriatic  acid  gas 
evolved  therein."  After  the  operation  of  the  Act  for  one  year, 
the  actual  average  condensation  throughout  the  kingdom  was 
98.72  per  cent  and  the  escape  of  dry  acid  reduced  to  43  tons  per 
week. 

While  the  legislation  itself  was  not  a  chemical  problem,  to  ac- 
complish this  change  it  was  necessary  that  processes  of  chemical 
manufacture  should  be  improved,  and  it  was  further  necessary  to 
develop  a  system  of  inspection  which  should  hold  the  manufac- 
turers to  the  allowed  limit.  For  this  it  was  necessary  to  devise 
means  for  the  frequent  determination  of  what  might  be  a  very 
small  proportion  of  hydrochloric  acid  in  large  volumes  of  other 

>Alkali  Act,  1863.    First  AoDiial  Report  by  the  Inspector  of  his  Proceedinc^s  during 
the  year  1864.    Page  7. 
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gases  and  the  methods  employed  had  to  foe  such  as  to  command 
the  confidence  of  the  manufactni-ers. 

On  the  other  hand  impracticable  legislation  is  well  illustrated  by 
the  history  of  the  sewage  difficulty  in  England.  Towns  were  com- 
pelled to  construct  sewers  and  then  forbidden  to  discharge  them 
into  the  natural  water  courses,  no  one  having  any  clear  conception 
of  how  such  discharge  could  be  avoided,  and  hundreds  of  thousands 
of  pounds  have  been  spent  in  abortive  efforts  to  obtain,  comply 
with  and  evade  legislation. 

The  chief  fault  which  has  been  found  with  the  Rivers  Pollution 
Commission  of  1868  is  not  with  the  research  which  they  carried 
out,  which  was  very  thorough,  nor  with  the  elaborate  method  of 
analysis,  which  other  chemists  have  not  followed,  but  with  the 
standards  which  they  proposed  and  which,  it  was  claimed,  were 
quite  unpracticable  as  they  would  in  many  cases  require  a  manu- 
facturer to  discharge  a  waste  liquid  purer  than  the  stream  into 
which  it  was  discharged,  purer,  in  fact,  than  the  water  originally 
taken. 

At  this  point  it  may  not  be  unprofitable  to  notice  a  few  among 
the  many  names,  prominent  in  one  department  of  chemistry  or 
another,  who  have  interested  themselves  in  matters  connected  with 
the  public  health.  We  will  not  look  earlier  than  the  time  when, 
according  to  Wurtz,  "the  French  science  of  chemistry"  was  found- 
ed by  Lavoisier  of  immortal  memory,  although  previous  to  that 
time  what  was  thought  to  be  chemistry  was  not  idle  in  this  direc- 
tion. Lavoisier  himself,  as  is  well  known,  was  not  indifferent  to 
the  public  weal  in  peace  or  in  war  nor  was  he  slow  to  apply  his  chem- 
ical knowledge  to  the  solution  of  practical  problems. 

Among  the  firm  supporters  of  Lavoisier  and  associated  with  him 
in  the  preparation  of  that  system  of  chemical  nomenclature  which, 
for  so  many  3'ears,  admirably  served  the  purposes  of  the  growing 
science,  was  Guyton  de  Morveau.  While  now-a-da^^s  he  is  proba- 
bly known  more  for  his  services  to  the  science  of  chemistry,  in  his 
own  time  he  was  known  quite  as  much  by  his  advocacy  and  use  of 
acid  vapors  for  disinfecting  foul  air.  His  independent  work, 
Traite  snr  les  Moyens  de  Desinfecter  VAir^  was  translated  into  Eng- 
lish and  German  and  I  believe  into  other  languages  and  a  number 
of  papers  on  the  same  subject  appeared  in  the  AnncUes  de  Ckimie 
(1802-1815)  and  thence  in  English  and  German  periodicals.  He 
studied  the  use  of  zinc  for  kitchen  utensils  and  the  still  contin* 
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ua)ly  recurring  question  whether  ''manufactures  which  exhale  a 
disagreeable  odor  may  be  injurious  to  health." 

Fourcroy  (1789)  studied  the  nature  of  "litharged"  wine,  Ber- 
thollet  (1801)  the  methods  of  preserving  water  for  long  voyages, 
Chevreul  (1846)  various  chemical  reactions  which  explain  the  hy- 
giene of  populous  cities  and  (1856,  1862,  1870)  methods  of  pre* 
paring  and  preserving  food ;  Graham  and  Hofmann  reported  apon 
the  use  of  acetate  of  lead  in  sugar  refining  (1850),  upon  the  Lon- 
don water  suppl}'  (1851),  upon  the  adulteration  of  pale  ales  with 
strjxhuine  (1882)  ;  Dumas  was  interested  in  many  sanitary  mat- 
ters and  made,  among  others,  reports  on  the  mineral  waters  of 
France  (1851),  on  the  water  supply  of  Paris  (1859),  on  the  treat- 
ment of  sewage  (1867)  and  on  the  preservation  of  food  (1870- 
72) ;  Wurts  was  for  a  number  of  3'ears  president  of  the  Comiie 
constUUUif  cTht/gitne  and  a  year  before  his  death  was  president  of 
the  Societe  de  medecine  puUique.  His  investigations  and  reports  on 
sanitary  subjects  are  numerous, — on  the  disposal  of  the  waste  from 
distilleries  and  sugar-refineries,  on  the  colors  employed  on  Ger- 
man toys  and  in  articles  of  food,  on  the  adnlteration  of  wines,  etc. 

Other  names  will  occur  to  ns<» — such  as  those  of  Sir  Henry 
Roscoe^  Sir  Frederick  Abel  and  Dr.  Williamson  who  served  on 
Noxious  Va|>oai^  Commission  of  1876 ;  of  Frankland  who  gave  jreara 
of  service  to  the  Rivers  Pollution  Commission  of  1868  and  in  con- 
nection therewith  devised  an  elaborate  svstem  of  water  analvsis : 
we  think  also  of  Schntxenber^r  devising  a  method  for  the  deter- 
mination of  oxygen  dissolvetl  in  water  (not^  to  be  sure,  simply  for 
sanitary  purposes^^  Mallet  studying  the  various  methods  of  water 
analysis^  Remsen  studvini;  the  orvranic  matter  in  the  air  and  Leeds 
the  practical  effect  of  oliarg:ng  with  oxygen  ^or  ra:her  wiia  air) 
water  use^^  for  puqxvses  of  don>estic  supivy* 

T/.ore  are  two  names  which  cannot  fail  to  come  to  our  minds 
whoa  we  think  of  workers  in  the  iiue  of  sairltanr  ciiemisxir  — 
P<::enkofer  ar.d  Ar.gtis  S:v.i:h. 

PctUT.kofcr,  to  Iv  sure,  approaches  the  n;a:;cr  from  a  n:evMcal 
or  ra'hcr  from  a  phvs:vVv>£:caI  stA;;tiiv>:;:u  bu;  he  and  1,:$  stu.ienlj 
have  s-bowa  b:r.,si:4*v  ia  ibo  Muiiich  I^'x^raiorv  hv^w  cbemisinr 
mav  Sf  niak>e  to  a\i  S^;::  r'rv5iv>\\rr  aivi  i.v^icr.e,  lVt;«*r.kv>:>r*s 
■ie:S.xi  fc^r  :he  .\c:cTir.:wAiio'a  of  ihe  a::xs>\::;t  of  c*rNM-,c  ac.a  in 
ti>e  air  rerAS.:n5  Uv-iV&v  C5a»t::»:al'v  ;:r.,v:cTy^i  a:>ti  ;i;e  s;,\;>cs  ha$^ 
upon  it  ar.i  C4ar.ci  vva;  by  var:o»a$  S'aUvWi;;^  a;:<\  a$si^;4i.r.:^  ^x  i.;s 
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laboratory  have  extended  to  the  composition  of  the  ground-air,  to 
the  effect  of  various  illuminants  on  the  air  of  confined  places,  and, 
recently,  to  the  relative  merits  of  the  electric  light  in  lighting 
theatres ;  also  to  numerous  questions  in  connection  with  natural 
and  artificial  ventilation.  The  results  of  researches  into  the 
effect  of  sewers  and  privy-vaults  upon  the  surrounding  soil,  into 
the  porosity  of  building-materials,  into  the  passage  of  illuminat- 
ing gas  through  the  ground,  and  papers  on  many  similar  subjects 
have  appeared  in  the  Zeitschriftfur  Blologie^  and,  more  recently,  in 
the  newly  established  Ardiiv  fiir  Hygiene, 

Even  more  to  our  purpose  is  the  name  of  Robert  Angus  Smith 
who  for  the  greater  part  of  his  life  was  devoted  almost  exclusively 
to  sanitary  chemistry.  His  investigations  into  the  air  of  mines, 
his  work  as  inspector  under  the  Alkali  Acts  of  1863  and  1874  and 
more  recently  under  the  Rivers  Pollution  Act  of  1876,  his  works 
on  Air  and  Rain  and  on  Disinfectants  and  Disinfection,  and  his 
studies  on  oxygen  which  were  progressing  at  the  time  of  his 
death,  claim  for  him  the  respect  of  chemists  and  the  gratitude  of 
sanitarians. 

In  mentioning  these  names  —  to  which  many  others  might  be 
added — the  object  has  been  to  show  that  the  problems  of  sani- 
tary chemistry  have  not  been  thought  unworthy  of  the  attention 
of  able  chemists.  It  will,  of  course,  be  understood  that  few  men 
would  choose  to  follow  sanitary  chemistry  exclusively  if  they  were 
ambitious  of  a  wide  reputation  as  chemists^  if  they  were  ambi- 
tious, let  us  say,  of  eventually  receiving  a  foreign  honorary  mem- 
bership in  the  German  Chemical  Society.  Few  men  of  the  ability 
of  Angus  Smith  would  devote  themselves  as  constantly  as  he  to 
this  branch  of  the  subject.  Yet  it  is  highly  desirable  that  even 
the  routine  work,  the  ordinary  investigation  for  sanitary  purposes 
of  water,  air  and  food  should  be  in  the  hands  of  chemists  well- 
educated  in  their  profession  and  imbued  with  the  true  spirit  of 
science.  It  is,  alas  I  too  often  the  case  that  a  smattering  of  the 
principles  of  chemistry  and  a  brief  course  in  analysis  is  held  to 
justify  a  person  in  assuming  the  duties  and  responsibilities  of  an 
analytical  chemist,  a  state  assay er  or  a  public  analyst. 

There  are  reasons  why  the  pursuit  of  sanitary  chemistry  appears 
less  attractive  than  other  lines  of  the  profession.  The  first  is  the 
large  amount  of  routine  work.  Thus,  to  determine  the  normal 
composition  of  the  air  in  a  given  locality  or  the  slight  variati<Mis 
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which  are  dae  to  changed  meteorological  or  other  conditious  there 
is  necessity  for  repeated  daily  or  more  frequent  analyses  con- 
tinued for  months  or  even  years.  In  the  same  way  pollution  of 
water  or  of  air  may  be  patent  to  the  senses  (especially  to  the  so- 
called  common  sense),  but  the  variation  from  the  normal  condition 
may  show  itself  by  such  slight  chemical  differences  that  it  can  be 
made  plain  to  a  jury  only  by  the  evidence  of  a  great  number  of 
analyses. 

Another  reason  why  much  of  the  work  of  the  chemist  in  sani- 
tary matters  is  unattractive  to  a  scientist  is  the  low  degree  of 
accuracy  which  in  many  cases  suffices  and  which,  consequently,  is 
made  to  justify  approximate  methods  and — alas !— often  slovenly 
work.  It  is  not,  for  example,  as  a  rule,  of  the  slightest  consequence 
whether  a  water  yields  0.010  or  0.012  part  of  ^^  albuminoid  am- 
monia" in  100,000,  or  whether  it  contains  1.0  or  1.2  parts  of  com- 
bined chlorine,  or  whether  there  are  10.0  or  12.0  parts  of  total 
dissolved  solids.  The  possible  analytical  accuracy  is  very  much 
greater  than  the  'case  demands  and  less  interest  attaches  to  the 
investigation. 

Then,  again,  in  certain  lines  of  work,  especially  in  estimating 
the  amount  of  foreign  (or  certain  foreign)  substances  in  articles 
of  food,  the  obligation  to  express  an  opinion  with  a  show  of  accu- 
racy about  matters  where  accuracy  is  unattainable  must  create  a 
feeling  of  disgust  in  the  mind  of  a  scientific  man — at  least  until  the 
hardening  process  takes  place.  The  analysis  of  a  series  of  milks 
from  the  same  or  from  different  animals  may  afford  satisfactory 
employment  and  be  made  scientifically  accurate,  but  what  satis- 
faction in  stating  as  an  opinion  that  a  given  sample  of  milk  con- 
tains such  and  such  a  percentage  of  added  water?  Or,  in  the 
examination  of  an  article  of  food  where  different  employed  meth- 
ods give  in  the  same  hands  differences  of  five  per  cent,  what  satis- 
faction is  there  in  maintaining  a  case  against  an  adversary  when 
the  figures  differ  by  ten  per  cent? 

Then,  again,  there  is  the  annoyance  which  has  already  been  al- 
luded to  of  the  necessary  contact  with  persons  who  are  ignorant 
or  unappreciative  of  chemistry  or  who  regard  it  simply  as  a  tool 
to  subserve  personal  interests.  To  give  some  sort  of  an  under- 
standing of  the  results  of  chemical  investigation,  it  is  often  neces- 
sary to  use  terms  which  do  not  mean  to  the  chemist  what  they  are 
understood  to  mean  by  the  layman.    There  is  also  the  annoyance 
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of  having  one's  results  and  opinions  quoted  alongside  of  and  as 
of  equal  value  with  those  of  some  uneducated,  unscientific,  self- 
styled  chemist.  All  this  the  student  of  pure  science  avoids  in 
great  measure  and  one  who  really  loves  the  science  is  tempted  to 
retire  into  his  scientific  cell  and  let  the  world  take  care  of  itself. 

On  the  other  hand,  as  an  offset  in  a  certain  measure  to  these 
disadvantages,  there  are  in  the  field  of  sanitary  chemistry  many 
problems  for  the  solution  of  which  special  and  delicate  analytical 
and  other  methods  must  be  devised,  which  involve  careful  chemical 
work  and  which  bring  results  not  only  interesting  in  themselves 
but  of  actual  practical  benefit  to  the  public.  The  consciousness 
of  work  well  done  brings  satisfaction  if  it  does  not  bring  glory. 
Moreover,  the  work  of  the  sanitary  chemist  seldom  ends  with  the 
results  obtained  ;  the  interpretation  and  utilization  of  the  results 
are  often  the  mostdiflicult  part  of  the  problem  and  one  with  which 
the  chemist  alone  is  competent  to  deal. 

I  have  been  asked  '^  What  is  sanitary  chemistry  ?  Is  it  any- 
thing more  than  puttering?  "  As  if  the  problems  were  all  solved 
and  we  had  but  to  follow  out  a  purely  mechanical  line  of  pro- 
cedure guided  by  printed  tables.  But  all  the  problems  of  sanitary 
chemistry  are  not  yet  solved  and  there  is  still  opportunity  for 
work  on  questions  which  have  already  long  occupied  the  attention 
of  chemists. 

Our  knowledge  of  the  normal  composition  of  the  atmosphere,  as 
far  as  the  main  constituents  go,  rests  upon  the  analyses  of  num- 
erous chemists  —  Bunsen,  6ay-Lussac,  Regnault,  Boussingault, 
L6wy,  and,  more  recently,  Angus  Smith,  Jolly,  Kreusler  and  W. 
Hempel ;  with  reference  especially  to  the  varying  relation  of  oxy- 
gen to  nitrogen  under  changed  barometric  conditions  I  may  refer 
to  the  careful  work  of  our  own  Professor  Morley.  But,  while  we 
know  so  much,  who  knows  what  may  be  the  bearing  upon  the 
health  of  the  community  of  the  slight  natural  variations  to  which 
the  atmosphere  is  subject.  How  far  do  such  variations  and  differ- 
ences contribute  to  the  reputed  healthfulness  of  various  localities? 
How  far,  if  at  all,  to  that  which  causes  the  evil  reputation  of  other 
places,  to  much  that  is  called  malaria  and  to  similar  ills?  How 
much  in  spite  of  the  work  of  Angus  Smith,  Hemsen  and  others 
do  we  know  of  the  nature  and  influence  of  the  organic  matter  of 
the  air?    It  is  only  recently  that  the  methods  for  determining 
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small  quantities  of  carbonic  oxide  have  become  satisfactory  and 
we  are  not  yet  agreed  as  to  the  limit  at  which  its  presence  be- 
comes of  sanitary  importance.  Relying  on  the  experiments  of 
Vogcl,  Wolffhugel,  Remsen^  and  others  we  now  regard  the  pas- 
sage of  carbonic  oxide  through  the  heated  iron  of  our  cast-iron 
stoves  and  furnaces  as  one  of  the  bugbears  of  the  past,  but  if  the 
amount  of  this  gas  in  a  heated  room  is  too  small  to  be  of  sanitary 
significance,  who  can  tell  us  what  are  the  composition  and  amount 
of  the  gaseous  somethings  which  escaping — not  necessarily  through 
the  heated  iron  but  through  dampers,  feed-doors,  etc.,— r  make  the 
air  of  a  house  heated  by  anthracite  so  different  from  the  air  of  a 
house  heated  by  a  wood-burning  furnace?  Although  we  hear  a 
great  deal  about  ozone,  especially  from  medical  men,  and  although 
thousands  of  estimations  are  made  and  recorded  (mostly  by  the 
confessedly  unreliable  Schonbein  test),  what  chemist  hears  the 
statements  and  reads  the  records  without  a  skeptical  shrug  of 
the  shoulders? 

There  is  still  much  to  be  done  in  connection  with  the  examina- 
tion of  air. 

In  the  matter  of  the  chemical  examination  of  water  we  have 
seen  methods  change  from  decade  to  decade,  and  although  the 
originators  of  several  methods  at  present  employed  would  lay 
great  stress  upon  their  value,  we  know  from  the  studies  of  Pro- 
fessor Mallet^  that  all  of  them  are  open  to  criticism  and  improve- 
ment. It  is  thought  and  asserted  by  some  that  the  day  of  chemi- 
cal examinations  is  passing  away  and  that  the  wholesomeness  of  a 
water  is  to  be  decided  by  biological  rather  than  by  chemical  exam- 
ination. There  is  no  doubt  that  the  general  belief  at  the  present 
time  is  that  the  materies  morbi  in  waters  which  actually  convey 
specific  disease  is  organized, —  that  the  bacteria  or  microbes  or 
microphytes  are  the  really  injurious  objects,  and  the  method  of 
analysis  at  present  in  the  ascendant  consists  (essentially)  in  mix- 
ing a  measured  volume,  usually  but  a  fraction  of  a  cubic  centi- 
meter, of  the  water  with  prepared  gelatine  and  counting  the 
number  of  "  colonies"  or  *'  centers**'  developed  after  a  certain 
time.     The  microbes  thus  developed  may  be  further  cultivated  and 

sRemsen's  (Rep.  Nnt.  Board  of  Healthy  1881,  p.  071)  statement  ie  that  "in  rooms 
heated  by  cast-iron  stoves  and  Airnaces  there  is  not  present  in  the  immediate  vicinity 
of  the  hot-air  flues  as  much  as  0.04  per  cent  of  carbonic  oxide.*'  This  was  the  limit  of 
delicacy  of  the  test  employed. 

«Bep.  Nat.  Board  of  Health,  1882,  pp.  169-353. 
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studied  by  the  use  of  high  powers  of  the  microscope  and  by  vari- 
ous staining  media  and  their  pathogenic  character  established  by 
experiments  upon  animals,  but  at  present  we  are  generally  told 
simply  the  number  of  bacteria ;  already  we  find  one  water  stated 
to  be  twice  as  good  as  anotlier  because  by  this  method  of  pro- 
cedure half  as  many  bacteria  per  cubic  centimeter  have  been 
found.  Without  detracting  from  the  ultimate  or  from  the  present 
A'alue  of  this  or  other  biological  methods  of  investigation  we  can 
not  believe  that  they  can  replace  chemical  examination  for  a  long 
time  yet.  In  order  that  they  should  do  so,  it  must  become  cer- 
tain that  all  the  evil  effects  of  impure  water  are  due  to  organisms 
recognizable  by  morphological  or  other  characteristics  and  the 
number  of  microscoplsts  capable  of  distinguishing  these  patho- 
genic from  other  harmless  organisms  must  be  very  greatly  in- 
creased. The  mere  fact  that  a  certain  water  contains  more  or  less 
than  a  certain  number  of  bacteria  in  a  cubic  centimeter  can  not 
condemn  a  doubtful  water  nor  remove  from  it  what  may  be  an  un- 
just stigma.  When  the  biological  examination  of  water  has  been 
placed  on  a  firm  basis  it  will  then  be  necessary  to  carry  out  the 
work  begun  by  Professor  Mallet  of  discovering  the  chemical 
characters  which  belong  to  waters  which  a  biolot^ical  examination 
condemns  and  of  making  these  characters  the  basis  of  the  chemi- 
cal analysis.  As  long  as  we  believe  that,  independently  of  dis- 
coverable bacteria,  a  contaminated  water  is  unsuited  for  a  beverage 
or  for  domestic  use,  so  long  the  chemist  will  be  called  upon  to 
discover  evidences  of  contamination  or  to  give  assurance  of  their 
absence. 

In  the  matter  of  the  pollution  of  streams,  especially  by  sewage, 
there  is  much  chemical  work  to  be  done.  The  natural  purification 
of  streams  is  admitted  to  be  a  fact,  but  chemists  difiTer  very  much 
in  the  extent  to  which  it  takes  place  and  in  the  importance  which 
is  to  be  ascribed  to  the  various  agencies  known  to  be  at  work. 
The  action  of  oxygen  has  been  and  is  to-day  being  studied  from 
different  points  of  view  but  clear  light  will  not  be  obtained  in  the 
matter  as  long  as  we  are  content  to  speak  of '^  organic  matter"  as 
though  it  were  a  definite  something,  nor  until  we  have  studied  the 
action  of  oxygen  in  dilute  solutions  upon  the  individual  cliemical 
substances  which  make  up  the  complex  mass  known  as  sewage. 

Sanitary  chemistry  comes  nearest  to  the  great  public  in  the  ex- 
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amination  of  articles  qf  food,  drink  and  medicine.  The  complaint 
of  adulteration  is  by  no  means  a  new  one  and  laboratories  have 
long  existed  in  connection  with  customs  or  .excise  departments 
where  certain  articles  have  been  subjected  to  analysis.  Recent 
years  have  seen  a  greatly  increased  activity  in  this  direction  and 
in  most  countries  legislation  has  become  more  particular  and  more 
stringent,  and  more  or  less  adequate  means  have  been  provided 
for  carrying  out  the  provisions  of  the  law ;  this  has  led  also  to  the 
development  of  special  methods  for  detecting  adulterations. 

In  Germany,  following  upon  the  law  of  May  14,  1879,  most  of 
the  larger  cities  and  many  of  the  smaller  ones  have  established 
laboratories  for  the  analysis  of  articles  of  food  ;  these  are  at  the 
service  of  the  general  public  either  gratis  or  under  a  tariff  which  is 
often  ridiculously  low.  In  Austria,  the  examinations  called  for  by 
the  law  of  April  30, 1870,  are  carried  out  in  existing  governmen- 
tal or  private  laboratories.  In  France,  several  cities  have  opened 
municipal  chemical  laboratories ;  that  of  Paris  is  the  prominent 
one  and  was  opened,  under  its  present  management,  on  March  1, 
1881.  A  force  of  more  than  twenty-five  chemists  is  employed  and 
the  budget  for  1883  amounted  to  206,890  francs.  The  laboratory 
is  at  the  service  of  the  public,  qualitative  analyses  —  the  results 
being  reported  simply  in  the  terms  good,  passable,  bad  but  not 
injurious,  injurious — being  made  gratis ;  for  quantitative  analyses 
a  moderate  fee  is  charged.  The  statement  that,  during  the  year 
1883,  there  were  analyzed  14,627  samples  requiring  in  all  87,762 
individual  determinations,  will  give  an  idea  of  the  amount  of  ana- 
lytical work  performed. 

In  England,  the  Sale  of  Food  and  Drugs  Act  (1875,  amended 
1880)  required  the  appointment  of  public  analysts  throughout  the 
kingdom  and  called  a  large  force  into  the  service  of  the  public 
health.  At  that  time  there  were  comparatively  few  persons  really 
competent  to  undertake  the  varied  analyses  which  would  be  called 
for  by  the  spirit  of  the  law  and  naturally  enough  some  persons 
assumed  duties  which  they  were  not  competent  to  fulfil.  Expe* 
rience  has,  however,  corrected  many  of  the  early  evils,  and  the 
establishment  of  the  Society  of  Public  Analysts  and  the  publication 
of  such  manuals  as  Allen's  Handbook  of  Commercial  Organic 
Analysis,  Blyth's  Manual  of  Practical  Chemistry,  and  Konig's 
Chemie  der  menschliehen  Nahrungs-  und  Genussmittel  have  done 
much  toward  the  development  and  adoption  of  satisfactory  methods 
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of  analysis.  New  forms  of  adulteration  are,  however,  from  time 
to  time  devised  and  new  food  products  and  preservatives  are  con- 
tinually coming  into  the  market  requiring  study  both  from  the 
physiological  and  from  the  hygienic  standpoint. 

In  this  country  more  or  less  stringent  laws  agains^  adulteration 
exist  in  various  States  and  these  laws  have  in  several  States — New 
York,  Massachusetts,  New  Jersey —  been  made  more  stringent  on 
account  of  the  popular  feeling  which  was  at  its  height  in  1878-79. 
The  means  for  carrying  out  the  provisions  of  the  law  are,  however, 
imperfect  and  the  matter  is  usually  in  the  hands  of  the  State  Board 
of  Health,  the  extent  of  whose  activity  depends  upon  legislative 
appropriation  and  gubernatorial  sanction .  As  far  as  I  am  in  formed , 
no  laboratories  have  been  established  by  States  or  municipalities 
where  the  public  can  have  analyses  made  either  gratis  or  for  a 
moderate  fee  and  it  is  doubtful  how  far  the  establishment  of  such 
laboratories  is  desirable.  Experience  has  shown  here  and  in  other 
countries  that  private  individuals  do  not  care  to  spend  even  small 
sums  in  the  investigation  of  the  quality  of  what  they  eat  and  drink 
nor  are  they  willing  to  appear  in  court  against  a  discovered  offender. 
Although  the  systematic  inspection  of  articles  of  food  and  drink 
which  are  offered  for  sale  is  repugnant  to  our  ideas  of  individual 
rights,  it  is  only  by  some  system  of  official  inspection  that  the 
public  can  benefit  by  legislative  enactment.  In  some  of  the  States 
and  larger  cities  the  action  of  the  Board  of  Health  has  been  such 
as  to  make  the  law  a  protection  to  the  well  disposed  and  a  terror 
to  evil  doers.  The  laboratories  which  exist  in  connection  with 
various  educational  institutions  are  probably  sufficient  to  accomplish 
all  that  is  needed  and  there  are  advantages  in  securing  the  coop- 
eration of  a  number  of  able  chemists  as  is  done  in  New  York  State 
and  in  assigning  to  each  certain  descriptions  of  articles  for  anal- 
ysis. There  is  an  American  Society  of  Public  Analysts  meeting 
in  New  York  and  Brookl3'n,  but  the  term  public  analyst  is  not  em- 
ployed in  the  sense  already  established  by  English  usage.  The 
membership  of  the  Society  consists  of  those  who  are  officially  con- 
nected with  Boards  of  Health — not  necessarily  chemists.  Chemists 
engaged  in  the  anal3*sis  of  foods  and  drugs  are,  however,  eligible 
for  membership  and  chemical  papers  are  presented  at  its  meetings. 

While  to  the  public  the  analysis  of  food  is  the  most  prominent 
part  of  sanitary  chemistry  and  the  direction  in  which  chemistry  is 
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of  the  most  obvious  service,  we  would  emphasize  rather  the  work 
of  the  chemist  in  solving  special  problems  of  sanitary  importance. 
Besides  the  laboratories  established  mainly  for  food  analysis,  there 
are  many  others  in  which  are  conducted  chemical  investigations 
in  the  interest  of  hygiene.  Most  laboratories  established  for  other 
purposes — except  for  researches  in  pure  chemistry — have  more  or 
less  frequent  occasion  to  undertake  work  in  the  line  of  sanitaiy 
chemistry — such,  for  example,  as  agricultural,  pharmaceutical  and 
physiological  laboratories.  Then  there  are  the  laboratories  of 
various  hygienic  institutes,  of  which  the  most  prominent — that  of 
Pettenkofer — has  already  been  mentioned. 

It  is  in  Germany  that  the  greater  bulk  of  this  work  of  investi- 
gation is  carried  on.  One  of  the  first  independent  laboratories — if 
not  the  first — founded  for  the  investigation  of  these  questions  is  that 
of  the  Chemische  Centralstelle  fiir  ofTentliche  Gesundheitspflege  in 
Dresden.  This  laboratory  was  opened  in  January,  1871,  under 
the  present  director,  Hofrath  Professor  Dr.  H.  Fleck,  primarily 
for  the  solution  of  such  chemical  problems  as  might  be  submitted 
to  it  by  the  police  and  other  authorities.  Analyses  of  food  and 
other  articles  are  also  made  for  private  individuals  but  the  running 
expenses  are  borne  by  the  state  and  it  is  understood  that  original 
investigations  of  a  sanitary  nature  will  be  carried  on  by  the  director 
and  his  assistants.  Among  the  subjects  which  have  been  inves- 
tigated are  various  methods  of  water  and  food  analysis,  methods 
of  rendering  combustible  materials  uninflammable,  the  composition 
of  the  ground  water  and  ground  air  in  various  localities  including 
cemeteries,  the  composition  of  the  air  in  buried  coffins  or  in  the 
neighboring  ground  and  the  character  of  the  water  draining  there- 
from, the  permeability  of  soils  to  water  and  air,  the  pollution  of 
streams,  the  effect  of  arsenical  paper  hangings  upon  the  air  of 
rooms  ;  studies  have  also  been  made  on  disinfection  and  disinfect- 
ants, on  natural  and  artificial  ventilation,  and  on  the  ventilation 
of  particular  buildings.  The  results  of  these  investigations  are 
published  in  scientific  periodicals  and  in  the  Jahresbericht  of  the 
institution  ;  in  some  cases,  also,  in  independent  form.  In  our  own 
country  a  great  many  such  matters  as  these  have  been  studied  by 
individual  chemists  under  the  auspices  of  various  Boards  of  Health. 
The  State  Board  of  Health  of  Massachusetts  led  the  way  and  the 
earlier  reports  of  the  Board  contain  papers  on  the  pollution  of 
streams,  on  the  composition  of  sewage,  on  the  ground  air  in  certain 
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localities,  on  the  ventilation  of  baildings  and  railway  cars,  on 
artificial  flavoring  extracts,  on  arsenical  colors  in  their  various  ap- 
plications, on  food  adulteration  and  on  other  subjects  where  chem- 
ists have  carried  on  the  greater  part  of  the  investigation.  Other 
Boards  of  Health,  although  later  in  the  field,  have  been  similarly 
active. 

In  connection  with  other  laboratories  should  be  mentioned  that 
of  the  Reichsgesnndheitsamt  in  Berlin.  Of  the  work  of  this  lab- 
oratory, routine  analyses  of  articles  of  food  and  of  domestic  use 
form  no  part,  but  the  laboratory  is  devoted  to  the  solution  of  chem- 
ical, physical  and  biological  problems  of  various  sorts  bearing  on 
the  subject  of  hygiene. 

The  laboratory  of  the  Observatory  of  Montsouris,  in  Paris,  will 
close  this  imperfect  list  of  localities  where  work  is  going  on  in  the 
line  now  under  discussion.  The  observatory  was  established  in 
1871  for  the  study  of  meteorology  in  its  bearing  on  agriculture  and 
hygiene ;  the  chemical  work  forms  only  a  part  of  the  whole.  Chem- 
ical and  microscopical  examinations  have  been  made  of  the  waters 
which  are  used  for  domestic  supply  ;  of  the  Parisian  ground  water ; 
of  the  emanations  from  the  soil  and  from  the  sewers ;  on  the  air 
in  difierent  parts  of  the  city.  Regular  chemical  determinations 
are  made  of  the  ozone,  carbonic  acid  and  ammoniacal  and  organic 
nitrogen  in  the  air ;  in  the  meteoric  waters  estimations  are  made 
of  tlie  ammoniacal  and  organic  nitrogen,  of  the  nitrogen  in  the  form 
of  nitrites  and  nitrates  and  of  the  organic  matter  oxidizable  by 
permanganate  of  potash.  Other  determinations  are  made  with  less 
frequency.  The  results  are  published  in  a  12mo  Annuaire  at  a 
nominal  price. 

It  may  be  expected  that  I  should  say  a  word  about  the  education 
of  those  who  propose  to  follow  more  or  less  closely  this  line  of 
work.  The  best  preparation  is  a  thorough  knowledge  of  general 
and  analytical  chemistry  and  of  general  physics.  I  will  say  an 
essential  preparation  for  I  have  no  sympathy  with  rule-of-thumb 
methods.  With  such  a  foundation  the  student  will  find  little  difiS- 
culty  in  making  special  applications  either  to  sanitary  or  to  other 
matters.  It  may  be  desirable  to  modify  the  ordinary  course  in 
analytical  chemistry  so  as  to  have  it  include  methods  of  special 
interest  to  this  class  of  students.  This  has  been  done  at  the  Mass. 
Institute  of  Technology  by  the  equipment  of  a  separate  laboratory 
and  by  offering  a  course  of  laboratory  work  involving  a  practical 
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study  of  the  ordinary  methods  for  the  examination  of  water,  air 
and  certain  sorts  of  food.  Opportunity  is  also  given  for  special 
research  as  in  the  laboratories  of  organic  and  of  general  analytical 
chemistry. 

It  should  be  distinctly  understood  that,  while  the  term  sanitary 
chemistry  may  be  used  for' convenience  for  a  branch  of  the  subject 
which  is  occupying  the  attention  of  many  workers,  which  has  a 
copious  literature  of  its  own  and  which  requires  the  application  of 
certain  special  methods,  the  underlying  chemical  principles  are  the 
same  as  in  any  other  application  of  the  science.  It  is  quite  pos- 
sible to  take  a  bright  lad  from  the  grammar  school  or  even  from 
the  street  and  teach  him  to  make  certain  analytical  determinations 
with  great  accuracy — but  this  does  not  make  a  chemist  of  him. 

Courses  in  sanitary  engineering  are  being  opened  in  our  tech- 
nical schools.  How  these  courses  will  develop,  how  far  they  will 
include  the  study  of  chemistry,  does  not  yet  appear.  My  own  view 
of  the  matter  would  be  to  give  to  students  in  such  courses,  if  pos- 
sible, instruction  in  the  general  principles  of  chemistiy,  making 
use  of  illustrations  appropriate  to  their  chosen  profession,  the  aim 
being  to  give  them  an  intelligent  idea  of  what  questions  should  be 
submitted  to  the  chemist  and  how  the  results  obtained  should  be 
understood.  I  would  not  attempt  to  make  chemists  of  them,  neither 
would  I  encourage  them  to  rule-of-tliumb  work.  It  is  much  more 
important  for  an  engineer  to  know  how  properly  to  take  samples 
of  water  for  analysis  tlian  to  know  how  the  water  is  analyzed,  more 
important  to  know  how  to  interpret  the  results  of  analysis  than  to 
be  able  to  perform  the  operations  himself.  For  sanitary  inspectors, 
it  is  not  necessary  that  either  engineers  or  chemists  should  be  em- 
ployed. Such  inspectors  should  be  familiar  with  certain  chemical 
tests  which  should  enable  them  to  make  preliminary  examinations 
and  to  determine  how  far  the  aid  of  a  chemist  is  necessary.  If 
there  is  room  in  the  communitv  for  a  class  of  educated  men  (or 
women)  knowing  a  little  engineering  and  a  little  chemistry  and  a 
little  biology  and  a  little  of  other  things,  such  an  occupation  is 
legitimate  and  honorable,  but  let  us  not  call  a  man  a  sanitary 
engineer  unless  he  is  an  engineer^  or  a  sanitary  chemist  unless  he 
is  a  chemist. 
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Control  analtses  and  limits  of  recovekt  in  chemical  sepa- 
rations. By  Prof.  Albert  B.  Prescott,  University  of  Micli- 
igan,  Ann  Arbor,  Mich. 

Evert  day  cbetnical  determinations  are  made  by  methods  the 
shortages  of  which  are  unknown.  Results  are  checked  against 
otlier  results  in  parallel  operations ;  processes  are  compared  with 
other  processes  as  to  highest  obtainable  results ;  the  operator  does 
the  best  he  can  but  has  no  factor  of  correction  for  inevitable  defi- 
ciency. Certain  operations  in  constant  demand,  in  the  service  of  in- 
dustry and  in  pure  science,  such  as  the  estimation  of  phosphorus  in 
irons  and  the  estimation  of  morphine  in  opiums,  are  rated  by  com- 
paring results  with  each  other,  rather  than  measured  by  any  stand- 
ard of  real  truth.  In  many  of  these  operations  full  control  analy- 
ses are  difficult  to  devise.  In  general,  it  may  be  said,  trustworthy 
control  operations  are  possible  just  to  the  extent  that  the  material 
under  analysis  is  capable  of  synthesis  by  the  chemist.  It  must  be 
bis  aim  to  make  the  artificial  material  identical  with  the  original 
material  in  the  following  particulars.  (1)  All  the  chemical  con- 
stituents of  the  one  should  be  present  in  the  other  in  like  propor- 
tion ;  (2)  the  constituent  to  be  estimated,  as  added  in  known 
quantity  in  the  artificial  material,  should  have  the  same  physical 
condition  as  well  as  *  ^chemical  purity"  that  it  bears  in  its  quantity 
obtained  from  the  original  material ;  (3)  the  constituents  to  be 
separated  should  in  each  case  hold  the  same  relations  of  adhesion. 
Adhesion  is  in  general  resistance  to  separations,  holding  back  the 
'^traces''  that  lie  between  our  results  and  complete  work. 

The  control-analyses  reported  in  this  paper  are  such  as  have 
been  resorted  to  at  different  times,  to  test  methods  wanted  for  in- 
vestigations immediately  in  hand,  and  therefore  they  have  not  the 
unity  of  design  that  might  characterize  a  series  of  trials  wholly 
devoted  to  the  measurement  of  methods. 
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I.      ReCOYBRT  of  STRTCRKINB  FROM  BRKAD  AND  FROM  MEAT.* 

Qrtdlitative  Limits. 

Limit  of  strychnine  (sulphate)  for  "good"  color 

test,  from  a  series  of  seven  graded  trials,         0.0000025  gramme. 

1.  Recovering  from  5  grammes  bread,  same  limit, 

from  a  series  of  six  graded  trials,  O.OOOl         '* 

Strychnine  not  recovered  from  6.  of  bread,      0.0000976         " 
Limit  of  recovery  for  I  part  of  bread,  0.0000195  strychnine. 

Limit  of  recovery  for  1  part  of  strychnine,  51282.  bread. 

2.  Recovering  from  5  grammes  meat,  same  limit, 

from  a  series  of  seven  graded  trials,  0.00016  gramme. 

Str5'ch nine  not  recovered  from  5.  of  meat,  0.0001676        " 

Limit  of  recovery  for  1  part  of  meat,  0.0000325  strychnine. 

Limit  of  recovery  for  1  part  of  strychnine,  80769.  meat 
2.  Recovering  from  50  grammes  meat,  same  limit, 

from  a  series  of  three  graded  trials,  0.0004  gramme. 

Strychnine  not  recovered  from  50.  of  meat,  0.0008975        ** 

Limit  of  recovery  for  1  part  of  meat,  0.00000795  strychnine. 

Limit  of  recovery  for  1  part  of  strychnine,  125786.  meat. 


The  strjxhnine  was  taken  in  solutions  of  known  strength  of  the 
sulphate  ;  the  mixture  with  bread  and  meat  was  made  by  twenty- 
four  hours  maceration  ;  the  separation  was  accomplished  by  a  uni- 
form method  including  treatment  with  alcohol,  repeated  on  the 
residue,  following  by  repeated  washing  of  the  acidulated  water- 
solution  with  chloroform,  and  thorough  washing  of  the  same  solu- 
tion, after  making  it  alkaline,  with  portions  of  the  chloroform. 
The  qualitative  test  was  applied  to  the  dry  residue  by  a  drop  of 
sulphuric  acid  and  a  just  visible  fragment  of  dichromate. 

The  twenty-four  hours'  maceration  is  designed  to  effect  a  degree 
of  adhesion,  only  approaching  that  usual  in  the  material  under 
analysis  for  poison.  In  comparing  the  results  of  group  2,  with 
those  of  group  3  of  tests,  it  is  remarkable  that  by  working  with 
quantities  ten  times  larger,  the  ratio  of  recovery  is  made  four  times 
better.  This  indicates  too  great  a  degree  of  waste  resulting  from 
the  manipulation,  and  implies  that,  especially  in  small  operations, 
greater  care  should  be  taken  in  execution  of  every  detail. 

^These  experiments  make  a  part  of  an  investigation,  including  trials  of  recovery 
from  portions  of  the  body  after  ndm  nlstration  to  nnlmals,  made  by  G.  A.  Kircbmaier, 
under  the  advice  of  the  writer,  and  communicated  in  Gontributious  from  the  Chemical 
Laboratory,  Univ.  of  Mich.  II.    Ann  Arbor,  1S83. 


CHEMISTBT. 


Ill 


II.    Recovery  of  morphine  from  bread  and  from  animal  tissuba. 


Qualitative  Limits** 

Limit  of  morphine  (sulpliate)  for  good  color  test, 

1.  Recovery  from  64  grammes  bread,  same  limit, 

from  a  series  of  four  graded  trials. 
Morphine  not  recovered  from  64.  of  bread, 
Limit  of  recovery  for  1  part  of  bread, 
Limit  of  recovery  for  1  part  of  morphine, 

2.  Recovery  from  64  grammes  membranous  tis- 

sue, same  limit,  series  of  four  trials, 
Morphine  not  recovered  from  64.  of  tissues, 
Limit  of  recovery  for  1  part  of  tissues, 
Limit  of  recovery  for  1  part  of  morphine, 
8.  Recovery  from  64  grammes  Uver,  same  limit, 
from  a  series  of  four  trials. 
Limits  as  in  2. 

Quantitatioe  Limits, 

4.  Recovery  from  128  grammes  tissue  (membra-  • 
nous),  by  Meyer's  solution  (1) — O.l  gramme 

(2)— 0.05 
With  128.  of  tissue,  average  loss  of  morphine, 
Average  loss  of  morph.  for  1  part  of  tissue. 
Average  quantity  of  tissue  for  loss  of  1  of 
morphine, 

6.  Recovery  from  128  gramme  liver,  by  Meyer's 
solution,  (1)— 0.1  gramme  loses 

(2)— 0.05  " 

With  128  of  liver,  average  loss  of  morphine. 
Average  loss  of  morphine  for  1  part  liver, 
Average  quantity  liver  for  loss  of  1  of  mor- 
phine. 


0.00005  gramme. 


(I 


(( 


0.0004 
0.00035 
0.0000054  morphine. 
185185.      bread. 


0.0005  gramme. 
0.00046        " 
0.000007  morphine. 
142857.  tissues. 


0.0005  gramme. 


loses  0.01 

**    0.003 

0.0065 

0.000061 

19608. 

0.0036 

0.02 

0.0118 

0.000092 

10870. 


The  morphine  was  taken  in  solution  of  the  sulphate,  of  known 
strength  ;  the  mixture  of  morphine  with  bread,  and  with  tissues, 
was  made  in  the  finely  divided  material,  without  digesting  any 
time ;  and  the  separation  was  done  by  a  constant  method,  as  fol- 
lows: The  material  was  extracted  with  alcohol  acidulated  with 
sulphuric  acid,  the  filtrate  was  neutralized  and  evaporated  to  a 
syrup,  then  diluted  with  acidulated  water  and  filtered  and  washed, 
the  filtrate  was  concentrated  and  then  washed  with  amyl  alcohol. 

< These  experimentB  were  made  under  the  author's  direction,  by  S.  G.  Steiner,  and 
wore  in  preparation  for  experiments  made  In  recovering  morphine  administered  to  an- 
imals. 
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The  remainmg  washed  (aqueoas)  solution  was  made  slightly  al- 
kaline by  adding  ammonia,  and  extracted  with  amyl  alcohol,  by 
shaking  out  with  repeated  portions.  The  amyl  alcohol  solution 
was  washed  with  a  little  water,  and  evaporated  to  dryness.  For 
qualitative  test,  the  residue  was  moistened  with  sulphuric  acid  and 
then  drawn  across  with  a  sharp  glass  rod  wet  with  nitric  acid  of 
specific  gravity  of  1.42.  In  the  quantitative  work  the  residue  was 
taken  up  in  water  acidulated  with  sulphuric  acid,  and  the  solution 
titrated  with  Meyer's  solution  of  potassium  mercuric  iodide. 

The  large  waste  of  morphine  in  recovery  shown  by  quantitative 
estimation  accords  with  frequent  experience  of  the  instability  of 
the  alkaloid,  and  with  the  unsatisfactory  results  of  estimations  by 
Meyer's  volumetric  solution.  On  the  other  hand,  the  very  small 
waste  in  the  recovery  shown  by  the  qualitative  results  is  at  first 
surprising.  Though  the  qualitative  test  itself  was  found  to  re- 
quire twenty  times  as  much  alkaloid  as  sufficed  for  identification 
of  strychnine,  still  it  appeared  that,  in  an  operation  only  one-third 
larger,  the  recovery  of  morphine  was  made  even  more  (one-sev- 
enth more)  nearly  complete  than  the  recovery  of  strychnine.  Had 
the  morphine  solution  been  macerated  with  the  tissues  twenty- 
four  hours,  as  was  done  with  the  strychnine,  the  results  might  have 
compared  very  differently.  But  it  is  quite  in  accord  with  the  re- 
sults here  quoted  that  morphine,  though  elusive  from  its  instability, 
may  interpose  to  separations  less  resistance  of  adhesion  than  does 
the  more  stable  alkaloid  strychnine. 


III.    Bbcovery  of  arsenic  from  liver.' 

Quantitative  limits. 

In  comparison  of  three  modes  of  separation. 
1.  By  corrosion  with  chlorate  and  hydrochloric 
acid,  then  precipitating  as  a  sulphide. 

(1)  In  62  gm.  liver,  0.00127  As  0    loses  0.00054-0.00087  per  cent  of  liver. 

(2)  0.00127      "  "     0.00059-0.00096    ♦*      «*     "      •* 

(3)  0.00127       **  •*    0.00054-0.00086    "       **     •*      *« 
For  1  part  liver,  average  loss  of  As  .0  -0.0000089. 

Farts  of  liver,  average  for  loss  of  1  part  As  O3— 112360. 

•  Tliese  experiments  were  made,  nnder  tlie  antlior's  observation,  by  Mr.  H.  J.  Hoi* 
thoefer,  in  1883,  with  the  purpose  of  comparing  the  efficiency  of  three  rival  methods  of 
separation,  and  the  resnlts  were  published  in  Contributions  fh>m  the  Chemical  Labo- 
ratory of  the  Univ.  of  Mich.,  II,  p.  67. 
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2.  By  distiUation  as  arsenious  chloride. 

(1)  In  62 gin.  liver,  0.00127  ASjOj  loses  0.00056-0.00090  per  cent  of  liver. 

(2)  0.00127       "  "    0.00057-0.00092    '*   •**     «* 
(S)                                0.00127       "           "     0.00059-O.00095    •* 

For  I  part  liver,  average  loss  of  As  ,0,-0.0000092. 

Parts  of  liver,  average  for  loss  of  1  part  of  AScOg,  108695. 

3.  By  corrosion  with  salphuric  and  nitric  acids,  not  precipitating  as 
snlphide. 

(1)  In  62  gm.  liver  0.00127  ASjOj  loses  0.00032-0.00052  per  cent  of  liver. 

(2)  0.00127       '*         •*      0.00034-0.00065     ♦• 

(3)  0.00127       "         "      0.00033-0.00053     " 
For  I  part  liver  average  loss  of  As,O3-0.0000053. 
Farts  of  liver,  average  for  loss  of  1  part  As,03-188698. 

The  arsenic  was  taken  in  a  hydrochloric  acid  solution  of  arsen- 
ious  acid,  of  known  strength.  After  separation  the  arsenic  was 
in  each  case  estimated  by  weight  of  the  '^  mirror  "  of  elemental 
arsenic,  reduced  from  arsine. 

The  separation  of  arsenic  is,  by  either  of  these  methods,  entirely 
satisfactory^  It  appears  that  the  precipitation  as  sulphide  in- 
volves a  loss,  though  very  slight,  that  reduces  the  efficiency  of  the 
older  method  wherein  this  precipitation  is  employed.  Tlie  quali- 
tative limit  of  identification  is  nearly  the  same  for  arsenic  that  it 
is  for  strychnine,  but  the  quantitative  determination  is  very  close 
for  arsenic  and  not  at  all  close  for  strychnine. 

Finally,  the  summary  next  given  may  be  further  defined,  in  com- 
parison of  limits  of  separation  with  limits  of  identification,  as  fol- 
lows, namely:  The  loss  in  separating  from  an  avoirdupois  pound 
of  tissues,  is,  for  arsenic,  in  round  terms  about  a  thousand  times 
the  quantity  needed  for  certain  identification ;  and  for  strychnine, 
from  one  thousand  to  two  thousand  times  such  least  quantity. 
For  morphine,  both  limits  are  less  definite,  and  decomposition 
losses  interpose,  and  the  data  obtained  do  not  warrant  an  assured 
statement.  But  in  the  results  here  given  the  loss  of  alkaloid,  per 
pound  of  tissues,  was  about  one  hundred  times  the  quantity  needed 
for  identification. 

Summary  of  limits  or  recovery. 

(Separation  of  Crystalloids  from  Colloids.) 
Strychnine  (24  hrs.  mnc.)  from  5  gm.  bread,  1  in  51282  parts,  qual. 

6   *•    meat,      •»    30769      *♦        ** 
60  **    meat,     "  126786     *'        *• 
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Morphine  (not  mac.)  from  64  gm.  bread,  1  Id  185185  parte,  qaal. 

64    "  tissues,    "     142857 
64    **  liver,       »*    142857 
128    **  tissues,  *'      19608 
128    "  liver,       ««      10870 
Arsenic  (1)  ft'om  62  gm.  liver,  1  in  112360  parts,  quant. 
(2)  1  ««  108696      **  ♦« 

(8)  1  **  188697 
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Limits  of  recognizable  precipitation. 

Tlie  first  production  of  a  precipitate,  in  a  mixture  made  by  add- 
ing one  solution  to  anotlier,  is  a  constant  not  agreeing  very  closely 
with  that  of  the  so-called  solubility  of  the  substance  precipitated. 
The  proportion  of  solvent  needed  to  dissolve  a  solid  may  differ  a 
good  deal  from  the  proportion  of  the  same  solvent  present  at  the 
incipient  precipitation  of  the  solid.  In  other  words,  the  equilib- 
rium between  precipitation  and  solution  may  offer  a  good  deal  of 
resistance — just  as  the  melting  point  may  be  removed  some  degrees 
from  the  congealing  point.  It  is  true  that  the  factor  of  solubility 
is  usually — perhaps  incorrectly — defined  as  the  ratio  obtained 
when  a  supersaturated  solution,  left  at  a  certain  temperature  for 
a  certain  time,  has  deposited  its  excess  of  dissolved  substance. 
Moreover,  the  causes  of  variable  solubilit}'  of  solids  are  very  illu- 
sive. Results  in  illustration  of  such  variability  were  given  to  this 
Association  by  the  writer  in  1875.  Indeed,  our  ideas  of  solubilities 
are  in  a  suggestive  stage,  leading  us  toward  the  unknown  border 
between  adhesion  and  chemism. 

It  appears  to  the  writer  that  the  fact  of  the  initial  appearance  of 
a  precipitate  when  one  given  solution  is  added  to  another,  in  stated 
conditions,  may  be  taken  as  a  constant  by  itself — not  to  be  calcu- 
lated from  other  constants  but  to  be  determined  by  experiment. 
Initial  precipitation  is  governed  by  the  concentration  of  the  sub- 
stance precipitated,  by  the  presence  of  and  concentration  of  other 
dissolved  substances,  and  by  temperature,  and  time.  That  is, 
with  temperature  and  time  we  have  relations  of  mass  too  complex 
for  calculation  now,  but  easily  made  constant  in  experiment.  Now 
if  we  fix  the  temperature  and  time,  the  quantity  of  the  one  solution 
with  its  components  and  their  concentration,  and  fix  the  quantity 
of  the  other  solution  and  know  its  components,  then  the  concen- 
tration of  these  components  becomes  constant  in  parallel  opera- 
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tions.  In  short,  by  controlling  the  given  factors,  a  simple  quali- 
tative test  may  be  made  to  show  whether  a  required  percentage  is 
at,  or  above,  or  below,  a  required  limit.  This  way  of  using  quali- 
tative tests,  with  measured  quantities,  temperatures,  and  times,  to 
reach  quantitative  indications  is  a  resource  becoming  more  and 
more  common  in  analytical  work.  It  is  made  available  in  the  later 
revisions  of  the  pharmacopoeias.  For  instance,  in  the  U.  S.  Ph. 
''  If  1  gm.  of  Bitartrate  of  Potassium  be  digested  with  5  cc.  of 
diluted  acetic  acid  for  half  an  hour,  then  diluted  with  distilled 
water  to  500  cc,  the  solution  agitated  and  filtered,  and  25  cc. 
of  the  filtrate  treated  with  5  cc.  of  test- solution  of  oxalate  of 
ammonium,  the  liquid  should  not  become  cloudy  in  less  than  one 
minute,  nor  distinctly  turbid  in  less  than  one  minute  and  a  half 
(absence  of  more  than  6  per  cent  of  tartrate  of  calcium)."  Like- 
wise we  have  the  test  (Kerner's)  of  sulphate  of  quinine  for  other 
cinchona  alkaloids,  of  iodide  of  potassium  for  chloride  and  bro- 
mide, and  of  bicarbonate  of  sodium  for  monocarbonate. 

Two  years  ago,  in  an  inaugural  thesis  for  the  master's  degree  in 
the  University  of  Michigan,  Delos  Fall  reported  determinations  of 
the  limits  of  precipitation.  His  work  embraced  241  satisfactory 
experiments,  defining  48  limits  in  formation  of  24  precipitates. 
The  limits  were  chiefly  determined  for  the  time  of  five  minutes. 
There  is  a  wide  field  for  work  of  this  character.  It  gives  support 
to  studies  in  molecular  science ;  it  fixes  data  of  service  in  daily 
operations  ;  and  it  defines  factors  by  which  a  ready  trial  reveals 
required  limits  of  strength  and  purity  of  materials.  In  the  tests 
by  Mr.  Fall,  25  cc.  of  the  solution  of  known  strength  of  a  single 
salt  were  taken ;  5  cc.  of  a  reagent  of  given  strength  added,  in 
a  test-tube  2  centimeters  wide,  and  the  depth  of  the  liquid  was 
made  to  be  9  centimeters.  The  temperature  was  noted,  and  obser- 
vations for  incipient  precipitation  were  taken  at  stated  times.  The 
beginning  of  precipitation  was  recognized,  in  most  cases,  by  observ- 
ing a  figure  of  85  dotted  parallel  lines  to  the  inch,  looking  through 
the  same  depth  of  water  to  which  same  quantity  of  reagent  had 
been  added  for  comparison.  I  quote  selections  of  Mr.  Fall's  tab- 
ulated reports,  to  present  the  method  of  investigation,  and  the 
character  of  the  results  reached.  I  hope  he  and  others  may  con- 
tinue the  work,  and  that  the  whole  may  have  publication  at  a  fu- 
ture time. 
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FROM  TABLES  XXIX,  AND  XXXI. 
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The  crystals  op  butter  and  fats.  By  Dr.  Thomas  Taylor, 
Microscopist,  XJ.  S.  Agricultural  Department,  Washington, 
D.  C. 

[▲B8TRA0T.] 

Since  1876,  when  ray  first  paper  was  published  on  Butter  and 
Fats,  in  the  Neio  York  Microscopical  Quarterly  JowtiaJ,  I  have  de- 
voted a  good  deal  of  time  to  the  investigation  of  this  subject,  prin- 
cipally with  the  view  of  finding  a  method  by  which  I  could,  by  the 
aid  of  the  microscope,  distinguish  butter  from  butter  substitutes. 
As  a  result  of  many  experiments,  I  find  that  a  person  experienced 
in  the  use  of  the  microscope  may  distinguish  the  fats  of  various 
animals  and  of  vegetables  by  following  the  methods  herein  des- 
cribed. 

The  experimenter  should  first  procure  a  specimen  of  common 
lard.  This  is  composed  mostly  of  crystalline  starry  forms  which 
represent  the  solid  fat  of  the  lard.  Real  lard  is  composed  of  these 
and  the  oil  common  to  lard.  In  very  hot  weather,  tlie  crystals 
dissolve  in  the  oil,  and  perfect  crystals  can  only  be  obtained  by 
cooling  slowly  to  about  21°C. 

Place  a  drop  of  sweet  oil  on  a  glass  slide,  with  the  point  of  a 
needle.  Place  a  small  portion  of  the  lard  in  the  oil,  and  mix  them 
too-cther.  Place  a  glass  disc  over  the  lard  and  oil  mixture  and 
press  gently.  If  held  up  to  the  light  white  granules  will  be  seen 
when  the  temperature  is  not  over  16°C.  These  are  fatty  crystals. 
Under  a  low  power  of  the  microscope  it  will  be  observed  that  these 
crystals  have  stellar  forms  with  dark  centres,  and  spines  radiating 
from  them.     See  figure  7. 

To  procure  normal  crystals  of  beef  kidney  fat,  render  a  piece 
of  this  fat  in  an  iron  pan,  without  water.  Strain,  and  add  suflSc- 
ient  sweet  oil  to  bring  the  fat  to  the  consistency  of  butter.  Cool 
slowly  for  a  period  of  from  twelve  to  twentj'-four  hours.  Mount 
in  oil  as  directed  in  the  case  of  lard.  The  crystals  in  this  case 
present  quite  a  different  appearance  from  those  seen  in  lard.  See 
Fi<y.  8.  View  them  by  polarized  light,  with  and  without  selenite 
plate.  The  beef  crystals,  to  be  seen  to  advantage,  require  a  power 
of  at  least  500  diameters,  being  very  small,  although  they  appear 
very  interesting  objects  with  a  power  as  low  as  80. 

When  it  is  desired  to  examine  the  crystals  of  butter,  boil  about 
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an  oance  of  pure,  newly-made  batter  in  a  test  tube  or  iron  spoon 
for  a  period  of  several  seconds ;  allow  it  to  cool  as  directed  in  the 
case  of  beef  and  lard  ;  place  a  few  grains  of  it  on  a  slip  of  glass ; 
pour  over  it  a  few  drops  of  alcohol  (or  better,  alcohol  nine  parts, 
carbolic  acid  one  part)  ;  separate  the  crystals  with  a  needle,  and 
view  tliem  with  a  pocket  lens ;  they  will  appear  like  the  eggs  of  in- 
sects. Fig.  1.  Place  a  second  portion  of  tlie  same  butter  on  a 
glass  slide ;  combine  it  with  a  drop  of  sweet  oil  by  means  of  a  nee- 
dle, reducing  the  butter  to  granules ;  cover  with  a  disc  of  glass, 
and  view  first  with  plain  transmitted  light,  when  crystals  like  Fig. 
2  will  be  seen.  Second,  by  polarized  light.  In  this  case,  place 
the  polarizer  low  down  and  turn  this  prism  round  until  its  face 
angle  crosses  the  face  angle  of  the  analyzing  prism  above.  Under 
these  conditions  a  dark  ground  is  produced,  and  the  butter  crys- 
tals, which  are  globular  in  form,  are  seen  in  bold  relief.  The  but- 
ter globular  crystals  will  now  exhibit  a  well-defined  black  cross, 
representing  that  known  as  St.  Andrew's.  See  Fig.  3.  Figure 
4  represents  a  crystal  of  butter  showing  divisions  produced  in 
prismatic  colors  when  the  selenite  plate  is  used  with  polarized 
light.  If  old  butter  or  a  poor  oily  butter  is  used  in  this  experi- 
ment, the  secondary  crystals  of  butter  are  generally  shown.  These 
crystals  are  of  rosette  form,  much  smaller  than  that  of  the  globu- 
lar, and  exhibit  no  cross.     See  Fig.  6. 

The  globular  crystals  of  butter,  when  kept  for  a  month  or  more, 
seem  to  bud  like  a  vegetable  spore,  and  frequently  every  round 
crystal  will  show  projecting  from  each  a  smaller  crystal.  See  Fig. 
5.  The  globular  forms  generally  vary  from  fifteen  ten-thousandths 
of  an  inch  to  the  one-hundredth  of  an  inch  in  diameter.  These 
forms  are  never  seen  in  pure  beef  or  lard  fats.  Care  should  be 
observed  not  to  press  the  crystals  flat,  especially  the  globular 
crystals,  as  the  cross  is  not  seen  when  severely  pressed. 

Butter  crystals  vary  slightly  from  each  other  in  size  and  in  some 
other  slight  particulars,  such  as  color.  A  butter  received  from 
Tennessee,  made  from  milk  of  Devonshire  shorthorn  and  native 
breeds,  shows  on  its  crystals  indentations,  a  condition  represented 
in  no  other  butter  j'et  observed.  The  butter  crystals  seen  in  the 
butter  made  at  Mr.  Frank  Ward's  dairy,  from  milk  of  Alderney 
cows,  of  Washington,  also  differ  in  some  particulars  from  all  others 
examined,  being  darker  in  color,  spines  longer,  and  of  larger  size. 


Specimens  intended  for  penn&nent  use  should  be  moanted  witti  a 
varnisli  ring,  to  prevent  the  cover  from  preesing  on  the  crystals, 
and  to  prevent  the  movement  of  the  cover  used  to  protect  them. 


hi  '■;  '-.<r- 


g.  1.— RepreseDta  crjrstala  of  boiled  biilter  as  seen  hj  >  pocket  lens. 

t.  2.— A  aingls  cryiMl  or  butter,  highly  mnKDlBed.  Tieirei]  br  tniniinUled  llglil  onlr. 
K.  3.— A  crjatnl  oF  biilMr  Tiened  by  polarized  ligbt  only.    It  exblbit»  Uie  cross  of 


Kig 


^.—A  errata]  oft 

lesutlliil  colort  an 

fl.-HepreBBnU  tb 
T^The  cryBUllIn 
d,— The  crysMlliu 


tier  »  seen  noder  polnrized  light  and  eclenlte  p)ate.   In  th 
Jlsplnjreil,  wblle  tbe  croes  <e  but  faluUr  wen. 
It  seems  10  be  a  budding  butlec  oryetal.    See  descrlpllon. 
rosette  crrstalB  of  butler. 


I  have  examined  quite  a  number  of  animal  and  vegetable  fats, 
and  find  thus  far,  that  animals  and  vegetables  of  distinctly  differ- 
ent  genera,  and  even  species,  yield  fats  which  give  fattyciy  stals 
haractei'lstic  of  the  animals  and  plants  which  yield  them. 
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A  COLORUnCTRIC   METHOD  FOR  THE  ESTIXATION   OF   PHOSPBORU8  IN 

IRON  AND  STEEL.    Bj  Edward  D.  Cahpbell,  Detroit,  Mich. 

[abstract.] 

The  process  consists  essentially  in  the  comparison  of  the  color 
produced  by  the  action  of  stannous  chloride  on  the  molybdenum 
contained  in  the  phospho-molybdate  precipitate  obtained  from  the 
solution  of  the  iron  or  steel,  with  the  color  produced  by  the  action 
of  stannous  chloride  on  a  solution  of  molybdic  acid  of  known 
strength. 

By  the  above  process  I  obtained  the  results  .078  per  cent,  .079 
per  cent,  .080  per  cent,  .088  per  cent  from  a  sample  of  steel  thai 
gave  gravimetrically  .080  per  cent  and  .083  per  cent. 

An  estimation  with  duplicate  can  be  made  in  3^  hours.  J  have 
made  one  in  2  hrs.  50  min. 


FARA-NrrRO-BENzoio-suLPHiNiDE.    By  Dr.  W.  A.  Notes,  Univer- 
sity of  Tennessee,  Enoxville,  Tenn. 

[ABSTRACT.} 

Several  years  ago  Fahlberg,  while  working  in  Remsen's  labo- 

CO 
ratory,  obtained  an  imide  CeH4  <^  SOj  ]>  NH,  to  which  was  given 
the  name  of  benzoic  sulphinide.  Several  derivatives  of  tliis  sub- 
stance have  been  prepared  since  then.  Most  of  the  salts  obtained 
from  these  sulphinides  have  been  considered  as  derived  from  or- 
tho-sulphamine-benzoic  acid,  though  recent  work  in  Remsen*s 
laboratory  has  shown  that  in  some  of  these  salts,  at  least,  the 
imide  grouping  is  retained. 

Para-nitro-benzoic-sulphinide  forms  salts  of  the  latter  char- 
acter.  It  was  obtained  by  oxidizing  the  ortho-sulphamide  of  para- 

CHs        1. 
nitro-toluene,    C6H3<^S02NH2  2.,  with  potassium  permanganate 

NOj        4. 
in  alkaline  solution.    Para-nitro-benzoic-sulphinide  crystallizes  in 
fine  needles  which  fuze  at  209''-210°  (Cor.)  and  have  an  intensely 

CO 
bitter  taste.     The  potassium  salt  CeHs  <^  SO2  ^  NK,  is  anhydrous 

NO, 
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and  very  difScaltlj  eolable  in  water.    The  bariam  salt. 


r       CO     I 

I  NO,         j 


Ba  -f  3H,0, 


crystallizes  in  well  formed  short  prisms. 


Oa  THE   ESTIMATIOX   OF   SMALL  QUAKHTIES  OF  ACETIC   ACID  OCCUR- 
BIKG   WITH   LACTIC   ACID  IK   SOCR   MILK  OR  KUMTS.       Bt  Prof. 

H.  W.  WiLET,U.  S.  Department  of  Agricultore,  Washington, 

D.  C. 

[abstract.] 

While  examining  fermented  milk  for  lactic  acid  the  microscope 
revealed  the  presence  of  the  acetic  acid  ferment.  From  this  it  was 
reasonable  to  suppose  that  the  sour  milk  contained  acetic  acid. 
The  amount  of  this  acid,  however,  proved  to  be  very  small.  Be- 
lying on  its  greater  volatility  I  tried  to  separate  it  from  the  lactic 
acid  present  by  distillation.  In  order  to  determine  the  reliability 
of  the  method  I  used  skimmed  milk  to  which  known  quantities  of 
the  two  acids  were  added.  I  also  made  a  large  number  of  distil- 
lations in  order  to  determine  the  percentage  of  the  total  acids 
given  off  in  definite  amounts  of  the  distillate.  The  results  are 
given  in  tabular  form  and  show  that  the  acetic  acid  in  such  mix- 
tures can  be  estimated  with  considerable  accuracy  when  the  quan- 
tity present  exceeds  one-tenth  of  one  per  cent. 

When  the  amount  of  the  acid  present  is  as  little  as  .04  per  cent, 
the  total  amount  distilled  over  when  the  distillate  amounts  to  100 
cc.  and  the  liquid  remaining  in  the  retort  to  15  cc.  is  only  a  little 
over  7  per  cent  of  the  whole. 

When  .09  per  cent  of  acetic  acid  is  present  the  total  amount  dis- 
tilled over  under  similar  conditions  is  a  little  over  18  per  cent  of 
the  whole. 

If  the  amount  of  acid  present  is  .14  per  cent,  the  total  amount 
of  the  whole  distilled  over  is  about  22  per  cent. 

When  the  amount  of  acid  is  .IS  per  cent,  about  27^  per  cent  of 
the  whole  are  distilled  over. 

When  the  amount  of  acid  is  .27  per  cent  the  total  amount  dis- 
tilled over  is  a  little  over  30  per  cent  of  the  whole. 
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The  general  results  of  the  work  are  represented  by  a  graphic 
chart. 

Tile  paper  also  contains  results  of  the  separation  of  the  two 
acids  existing  in  unknown  quantities  in  the  samples  anal3'zed ;  also 
the  methods  of  determining  the  total  acidity  of  sour  milk  are  dis- 
cussed and  the  preference  given  to  the  method  of  separating  the 
casein  by  strong  alcohol  and  titration  of  the  acid  in  the  filtrate 
using  phenol-phthalein  as  indicator. 


Note  ok  the  estimation  of  water  in  glucoses,  honets,  etc. 
By  Prof.  H.  W.  Wilet  and  F.  V.  Broadbent,  U.  S.  Depai-tment 
of  Agriculture,  Washington,  D.  C. 

[abstract.] 

The  method  employed  consists  in  dissolving  about  two  grams 
of  the  sample,  weighed  in  a  flat  platinum  dish,  in  about  5  cc.  of 
80  per  cent  alcohol.  In  case  much  dextrine  is  present  a  weaker 
alcohol  must  be  used.  A  short  stirring  rod  is  to  be  weighed  with 
the  dish.  After  solution  is  complete  about  15  grams  of  pure  sand 
are  poured  into  the  dish  from  a  weighing  bottle  and  the  bottle  re- 
weighed.  The  sand  is  prepared  by  igniting  the  pure  white  sifted 
sand,  afterwards  washing  it  with  distilled  water  and  drying  it  at 
110°.  When  the  sand  is  poured  into  the  alcoholic  solution  of  the 
sample  the  liquid  rapidly  permeates  every  part  of  it.  The  sample 
is  now  placed  in  a  bath  and  dried  for  half  an  hour  to  an  hour  at 
100°.  It  is  then  removed  and  after  having  cooled  to  about  70° 
is  treated  with  from  5  to  10  cc.  of  absolute  alcohol  which  is  mixed 
up  with  the  sample  by  means  of  the  stirring  rod  as  thoroughly  as 
possible.  After  allowing  to  stand  for  a  few  minutes,  the  dish  is 
warmed  at  70°  until  the  alcohol  has  almost  all  been  driven  off.  It  is 
then  placed  in  an  air  bath  at  100°  and  dried  to  constant  weight. 

Tables  of  results  obtained  by  this  method  are  given  in  order  to 
show  its  accuracy. 

HONET   AND   its   ADULTERATIONS.      By  Prof.   H.    W.   WiLET,  U.    S. 

Department  of  Agriculture,  Washington,  D.  C. 

[ABSTRACT.^] 

This  paper  contains  the  results  of  the  chemical  study  of  fort}'- 
two  samples  of  honey  purchased  in  the  open  market  or  obtained 

1  This  paper  is  printed  in  full  in  Am.  Apiculturistj  Vol.  Ill,  p.  265. 
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directly  from  apiarists.  The  analyses  are  gioaped  together  in 
five  tables.  In  the  first  table  are  given  those  samples  which  were 
adulterated  with  starch  sugar-syrup. 

In  the  second  those  which  were  apparently  adulterated  with  su- 
crose. 

In  the  third  are  grouped  those  samples  which  on  account  of 
their  high  laevo-rotatory  power  appeared  to  have  been  adulterated 
with  inveited  sugar-s^Tup. 

In  the  fourth  are  found  those  samples  bought  in  the  open  mar- 
ket and  which  appear  to  be  genuine. 

In  the  fifth  are  collected  those  samples  which  were  furnished  by 
apiarists  and  beljj 
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preference  given  to  double  polarization  combined  with  double  re- 
duction. 


CoMPOsrrioN  of  kcuts  made  from  coVs  milk.     By  Prof.  H.  W. 
WiLET,  Department  of  Agriculture,  Washington,  D.  C. 

[ABSTRACT.] 

KuMTS,  properly  speaking,  is  fermented  mare's  milk.  In  this 
countiy,  however,  it  is  now  largely  made  from  cow's  milk.  The 
object  of  the  investigation  is  to  compare  this  American  kumys 
with  that  made  from  mare's  milk.  For  this  purpose  a  number  of 
analyses  of  American  kumys  were  made.  The  percentages  of 
carbonic  and  lactic  acids,  alcohol,  water,  albuminoids,  milk,  sugar 
and  fat  were  determined.  The  methods  of  anah'ses  are  described. 
The  results  are  presented  in  tabular  form  and  a  comparison  made 
of  the  means  obtained  with  those  given  for  kumys  made  of  mare's 
milk  by  English  and  continental  analysts. 
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The  kumys  anal3'zed  had  been  bottled  only  ten  or  twenty  days 
and  its  percentage  of  alcohol  would  probably  have  been  greater 
had  it  been  allowed  to  stand  longer  before  analysis.  The 
samples  had  only  about  half  as  much  alcohol  as  those  analyzed  in 
Europe  and  the  percentage  of  milk  sugar  was  consequently  much 
higher. 

The  following  are  the  means  of  the  analyses  of  eight  samples : 


Carbonic  acid, 

0.83  per 

cent. 

Lactic  acid, 

0.47     " 

Alcohol, 

0.76     " 

Albuminoids, 

2.56     *' 

Fat, 

2.08     " 

Milk  sugar. 

4.38     " 

W  ater. 

89.32     " 

A   CHEMICAL   STUDY   OP   YuCCA    ANGUSTIFOLIA.      By    HeLEN   C.    De 

S.  Abbott,  Philadelphia,  Pa. 

[  ABSTRACT.] 

This  plant  is  well  known  in  the  west  as  the  "  soap-weed."  It 
grows  very  abundantly  in  most  of  the  western  states  and  territories. 
It  has  attracted  the  attention  of  botanists,  and  it  is  a  plant  of  in- 
terest on  account  of  the  many  uses  to  which  it  has  been  put  in  the 
countries  where  it  is  found. 

The  only  notices  of  chemical  work  on  this  plant  which  I  have 
been  able  to  find  are  the  following:  (1)  In  a  paper^  on  the  study 
of  manganese  found  in  the  ash  of  plants,  it  was  stated  that  the  ash 
of  the  leaves  of  the  Yucca  contains  manganese.  The  name  of  the 
species  of  Yucca  examined  was  not  given.  (2)  Dr.  Georges  Pen- 
netier^  has  studied  the  micro-chemical  characters  of  the  action  of 
iodine  and  sulphuric  acid,  dilute  chromic  acid,  and  ammoniate  of 
copper  on  the  fibres  of  the  Yucca  angustifolia. 

1 M.  E.  J.  Maumene,  Bui.  de  la  Soci^t^  Chimique  de  Paris,  Tome  XLII,  p.  305. 
*  Legons  sur  lea  Mati^res  Premieres  Organiques,  Paris,  1881,  p.  446. 
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directly  from  apiarists.  The  analyses  are  grouped  together  in 
five  tables.  In  the  first  table  are  given  those  samples  which  were 
adulterated  with  starch  sugar-syrup. 

In  the  second  those  which  were  apparently  adulterated  with  su- 
crose. 

In  the  third  are  grouped  those  samples  which  on  account  of 
their  high  laevo-rotatory  power  appeared  to  have  been  adulterated 
with  inverted  sugar-syrup. 

In  the  fourth  are  foiind  those  samples  bought  in  the  open  mar- 
ket and  which  appear  to  be  genuine. 

In  the  fifth  arc  collected  those  samples  which  were  furnished  by 
apiarists  and  believed  to  be  genuine. 

The  characteristics  of  a  true  honey  are  discussed  and  compari- 
sons made  of  the  results  of  the  analyses  with  the  work  of  other 
investigators.  A  pure  honey  appears  to  contain  about  18  per 
cent  of  water,  0.18  per  cent  of  ash,  0.30  per  cent  of  albuminoids, 
71  per  cent  of  reducing  sugars,  2  per  cent  of  sucrose  and  about  8 
per  cent  of  undetermined  matters.  At  a  temperature  of  23°  a 
pure  honey  has  a  laevo-rotation  of  about  ten  divisions  of  the  cane 
sugar  scale. 

The  three  adulterants  of  honey  which  are  most  used  are  starch 
sugar-syrup,  sucrose-syrup  and  inverted  8ugar*syrup.  The  meth- 
ods of  detecting  these  various  adulterants  are  discussed  and  the 
preference  given  to  double  polarization  combined  with  double  re- 
duction. 


Composition  op  kumts  made  from  cow's  milk.    By  Prof.  H.  W. 
T^iLEY,  Department  of  Agriculture,  Washington,  D.  C. 

[ABSTRACT.] 

Kumts,  properly  speaking,  is  fermented  mare's  milk.  In  this 
country,  however,  it  is  now  largely  made  from  cow's  milk.  The 
object  of  the  investigation  is  to  compare  this  American  kumys 
with  that  made  fi*om  mare's  milk.  For  this  purpose  a  number  of 
analyses  of  American  kumys  were  made.  The  percentages  of 
carbonic  and  lactic  acids,  alcohol,  water,  albuminoids,  milk,  sugar 
and  fat  were  determined.  The  methods  of  analyses  are  described. 
The  results  are  presented  in  tabular  form  and  a  comparison  made 
of  the  means  obtained  with  those  given  for  kumys  made  of  mare's 
milk  by  English  and  continental  analysts. 


CHEUISTBT. 

The  btimys  analyzed  had  been  bottled  only  ten  or 
and  its  percentage  of  alcohol  would  probably  have 
had  it  been  allowed  to  stand  longer  before  an 
samples  hod  only  about  half  ae  much  alcohol  as  thos 
Europe  and  the  percentage  of  milk  sugar  was  conse 
higher. 

The  following  are  the  means  of  the  analyses  of  ei 

Carbonic  acid,      0,83  per  cent. 
Lactic  acid,           0.47     "     " 
Alcohol,               0.76     "     " 
Albuminoids,        2,56    "    " 
Fat, 2^8    "     « 


(  ABBTIUCr.] 

This  plant  is  well  known  in  the  west  as  the  "  aoi 
grows  very  abundantly  in  most  of  the  western  states  a 
It  has  attracted  the  attention  of  botanists,  and  it  is 
terest  on  account  of  the  many  usee  to  which  it  baa  bf 
countries  where  it  is  found. 

The  only  notices  of  chemical  work  on  this  plant 
been  able  to  Bnd  are  the  following :  (1)  In  a  paper* 
of  manganese  found  in  the  ash  of  plants,  it  was  statei 
of  the  leaves  of  the  Tucca  contains  manganese.  Th 
species  of  Yucca  examined  was  not  given.  (2)  Dr. 
netier^  has  studied  the  micro-chemical  characters  of 
iodine  and  snlphui-ic  acid,  dilute  chromic  acid,  and 
copper  on  the  fibres  of  the  Tucca  angusti/olia. 
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irectly  from  apiariats.    The  analyses  are  giouped  tc^etker  tn 

ve  tables.    In  the  Srst  table  are  given  those  samples  which  were 

dulterated  with  stareh  sugar-syrup. 
In  the  second  those  which  were  apparently  adulterated  with  sa- 
in the  third  are  grouped  those  samples  which  on  account  of 

lieir  higli  laevo-i-otatory  power  appeared  to  have  been  adulterated 

'ith  ioverted  sugar-syrup. 
In  the  fourth  are  found  those  samples  bought  in  the  open  mar- 

et  and  which  appear  to  be  genuine. 
In  the  fifth  arc  collected  those  samples  which  were  furnished  by 

piarists  and  believedto  be  genuine. 


rage  1!B,  second  line  from  boltom.  for  "  ammonlnU  of  copper"  read,  cnprammo 

I"«Ba  lie,  footnote  G  ahonlil  reail,— 

I  Intend  to  adopt  Id  nitiira  for  unifomilt;  Dfrealn  nomenolature  Ihe  tormiaatlon  i 


reference  given  to  double  polarization  combiued  with  double  re- 
uction. 


lOMPOSITION  OF  ECUrS   MADE  FROU  COW'S  UILK.      By  Prof.  H.  W, 

T^iLKY,  Department  of  Agriculture,  Washington,  D.  C. 

[ABSTRACT.] 

Eduts,  properly  speaking,  is  fermented  mare's  milk.  In  this 
ountry,  however,  it  is  now  largely  made  from  cow's  milk.  The 
bject  of  the  investigation  is  to  compare  this  American  kumys 
Fith  that  made  fi'om  mare's  milk.  For  this  purpose  a  number  of 
nalyses  of  American  kurays  were  made.  The  percentages  of 
carbonic  and  lactic  acids,  alcohoi,  water,  albuminoids,  milk,  sugar 
and  fat  were  determined.  The  methods  of  analyses  are  described. 
The  results  are  presented  in  tabular  form  and  a  comparison  made 
of  the  means  obtained  with  those  given  for  kumys  made  of  mare's 
milk  by  English  and  continental  analysts. 
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The  kumys  anal3'zed  had  been  bottled  only  ten  or  twenty  days 
and  its  percentage  of  alcohol  would  probably  have  been  greater 
had  it  been  allowed  to  stand  longer  before  analysis.  The 
samples  had  only  about  half  as  much  alcohol  as  those  anah'zed  in 
Europe  and  the  percentage  of  milk  sugar  was  consequently  much 
higher. 

The  following  are  the  means  of  the  analyses  of  eight  samples : 


Carbonic  acid, 

0.83  per 

cent. 

Lactic  acid, 

0.47     " 

(( 

Alcohol, 

0.76     " 

(( 

Albuminoids, 

2.56     '' 

(C 

Fat, 

2.08     " 

ii 

Milk  sugar. 

4.38     " 

n 

Water, 

89.32     " 

u 

A   CHEMICAL   STUDY   OF   YuCCA   AN6USTIF0LIA.      By   HeLEN   C.    Db 

S.  Abbott,  Philadelphia,  Pa. 

[  ABSTRACT.] 

This  plant  is  well  known  in  the  west  as  the  "  soap-weed."  It 
grows  very  abundantly  in  most  of  the  western  states  and  territories. 
It  has  attracted  the  attention  of  botanists,  and  it  is  a  plant  of  in- 
terest on  account  of  the  many  uses  to  which  it  has  been  put  in  the 
countries  where  it  is  found. 

The  only  notices  of  chemical  work  on  this  plant  which  I  have 
been  able  to  find  are  the  following:  (1)  In  a  paper^  on  the  study 
of  manganese  found  in  the  ash  of  plants,  it  was  stated  that  the  ash 
of  the  leaves  of  the  Yucca  contains  manganese.  The  name  of  the 
species  of  Yucca  examined  was  not  given.  (2)  Dr.  Georges  Pen- 
netier^  has  studied  the  micro-chemical  characters  of  the  action  of 
iodine  and  sulphuric  acid,  dilute  chromic  acid,  and  ammoniate  of 
copper  on  the  fibres  of  the  Yucca  angustifolia. 

1 M.  E.  J.  Manmene,  Bui.  de  la  Sooi^t^  Chimiqae  de  Paris,  Tomo  XLII,  p.  305. 
*  Lefons  sur  lea  Matiires  FremUres  Organiquee,  Paris,  1881|  p.  446. 
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The  specimens  used  in  ray  anal^'ses  were  kindly  sent  by  Dr. 
F.  M.  Endlicii  from  Lake  Valley,  New  Mexico.  The  bark  and 
wood  of  the  root,  the  green  leaf  and  its  3'ellow  basal  part  were 
separately  examined.  The  roots  were  air  dried,  reduced  to  a  very 
fine  powder  and  passed  through  ^  No.  80  sieve.  The  leaves  were 
less  finely  powdered. 

The  plan  for  plant  analysis  suggested  by  Dragendorfi^  has  been 
generally  followed. 

I. 

Qualitative  ash  analysis  of  each  of  the  parts  of  the  plant  showed 
the  presence  of  iron,  manganese,  calcium,  magnesium,  potassium, 
sodium,  chlorides,  phosphates,  and  sulphates. 

T^  *       •     *•         p  ^  W  Moisture     }        ^.        .  .     i         j 
Determination  of  <  ;^'    ,.,  ^  ,      ,     >  on  the  original  powder. 

)  (II)  Total  ash   (  e>        f 


I. 

II. 

(1)  The  bark  of  the  root 

6.78S  per  cent 

17.38  per  cent 

(2)    "    wood  ♦•   "     •* 

11.670    "     «• 

15.75    «     " 

(3)    **    green  leaves 

8.110    "     " 

6.76    "     " 

(4)    "  yellow  bftse  of  leave? 

37.000    «     " 

10.63    "     " 

>  Plant  Analysis,  Qnalttative  and  Quantitative,  by  G.  Dragendorff.    Translated  ttom 
the  German  by  Henry  Greenish,  London,  1884. 
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.II. 

The  solids  extracted  by  petroleum  spirit  from  the  four  parts  of 
the  plant  are  identified  as  fixed  oils ;  associated  with  a  volatile 
principle  (0.2  per  cent)  in  extract  (2),  and  with  traces  of  chloro- 
phyll in  extract  (3). 

Fixed  oil  (1)  was  crystalline  in  structure.  It  was  soluble  in 
ether,  chloroform,  benzole,  carbon  di-sulphide,  and  amyl  alcohol ; 
incompletely  soluble  in  cold  or  boiling  alcohol.  It  was  colored 
pale  green  by  sulphuric  acid  of  1.634  specific  gravity,  and  it  was 
changed  to  a  bright  green  color  by  calcium  di-sulphide,  but  formed 
no  emulsion  with  it.  The  fixed  oil  was  saponified,  and  a  white 
soap  separated.  This  was  decomposed  and  the  fatty  acids  recov- 
ered.    Glycerine  was  separated  from  the  soap  filtrate. 

Fixed  oil  (2)  was  dissolved  with  difl3culty  in  boiling  95  per  cent, 
alcohol ;  it  was  hardened  and  discolored  b}^  absolute  alcohol.  It 
was  not  saponified.  The  residue  obtained  from  boiling  the  fixed 
oil  with  alcohol  was  submitted  to  a  fractional  precipitation  with 
magnesium  acetate.^  Crystalline  solids  were  separated  by  this 
method.     They  melted  at  85®  C,  and  at  60°  C,  respectively. 

Fixed  oil  (3)  was  soluble  in  alcohol,  ether,  chloroform,  benzole, 
carbon  di-sulphide,  oil-of-turpentine,  almond  oil,  glycerine,  and 
slowly  soluble  in  acetic  ether.  The  presence  of  free  fatty  acids 
was  demonstrated  by  a  red  color  obtained  on  mixing  the  fixed  oil 
with  powdered  rosaniline.  It  was  colored  dark  green  b}'  syrupy 
antimony  chloride.  On  adding  to  the  fixed  oil  sulphuric  acid  of 
1.475  specific  gravity,  and  a  small  quantity  of  zinc,  hydrogen  was 
generated  and  the  solubility  of  the  oil  in  the  acid  liquid  was  ac- 
companied by  a  rosy  tint  given  to  the  solution. 

Fixed  oil  (4)  was  crystalline  in  structure.  It  was  soluble  in 
warm  absolute  alcohol,  in  cold  acetic  ether,  chloroform,  benzole, 
amyl  alcohol,  ether,  carbon  di-sulphide,  and  glycerine.  It  was 
saponified,  and  a  white  soap  separated.  The  fixed  oil  was  colored 
dark  brown  by  alcoholic  ammonia.  Ferric  chloride  and  powdered 
rosaniline  gave  a  violet-colored  reaction  with  it. 

These  fixed  oils  difiered  in  their  physical  character,  and  chem- 
ical reactions.  This  difiference  may  be  due  to  the  presence  of  free 
fatty  acids  and  glycerides  in  varying  proportions  in  the  four  parts 

*  Log.  cit.,  p.  16. 
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of  the  i^lant.  It  is  of  interest  to  note  that  in  tlie  subterranean  part 
of  the  Twcca,  the  oil  extracted  from  the  bark  was  solid  at  the  ordi- 
nary temperature  ;  from  the  wood  it  was  of  a  less  solid  consistency ; 
while  the  ^^ellow  base  of  the  leaf  contained  an  oil  quite  soft,  and 
in  the  green  leaf  the  oil  was  almost  fluid. 

III. 

The  residues  from  the  etJier  extracts  of  the  bark  and  of  the  wood 
of  the  root  contained  resins  which  were  identified  as  the  same 
compound.  They  correspond  in  color,  melting  point,  specific  grav- 
it}',  solubilities,  and  reactions.  The  resin  is  a  transparent,  rubj^- 
colored  substance,  crystalline  in  character,  and  of  a  softer  con- 
sistency than  ordinary^  resin.  It  was  imperfectly  soluble  in  95 
per  cent,  alcohol ;  soluble  in  boiling  absolute  alcohol,  in  cold  ether, 
and  amyl  alcohol ;  not  appreciably  soluble  in  chloroform,  benzole, 
carbon  di-sulphide,  and  alcoholic  ammonia.  A  blood  red  color 
reaction  was  obtained  b}'  warming  the  resin  with  a  crystal  of  am- 
monium molybdate  and  a  few  drops  of  strong  nitric  acid. 

The  resin  was  examined  by  Hirschsohn's  scheme.^  It  diflfered 
from  all  described  resins  in  its  reactions  with  the  reagents  used  to 
identify  them.  This  resin  is  a  new  substance,  and  it  is  proposed 
to  name  it  yuccal.^ 

Another  new  resin  was  separated  from  the  3^ellow  base  of  the 
leaf.  It  was  an  opaque,  reddish-yellow  colored  substance.  It  is 
proposed  to  name  it  p3'roph8eal. 

White  needle-shaped  crystals  were  separated  from  the  ether 
extracts.  Tannin,  gallic  acid,  glucosides,  and  alkaloids  were  not 
present  in  these  extracts. 

Alcohol  extracted  from  the  bark  a  red  crystalline  coloring  matter 
which  was  separated  in  a  pure  state.  It  was  precipitated  from  an 
aqueous  solution  by  sub-acetate  of  lead,  potassium  bichromate, 
ferric  chloride,  ferrous  sulphate,  and  formed  a  cloudiness  with 
alum,  and  with  stannous  chloride  solutions.  The  red  color  was 
brought  out  on  addition  of  alkalies  to  a  colorless  solution.  It  was 
destroyed  by  acids. 

*  E.  HIrschsohn.    Walts  Chom.  Diet.  Vol.  VIII,  pt.  11,  p.  1743. 

*  In  my  Attare  eznminations  of  plants  should  new  resins  be  discovered,  I  intend  to 
adopt  for  uniformity  of  resin  nomenclature  the  termination  al. 

A.  A.  A.  S.|  VOL.  XXXIV.  9 


130 


SECnOK  c. 


AQUEOUS  EXTRACTS. 


SolidB 
extracted 

Ash. 

Gum. 

Ash. 

Saponin.' 
A             B. 

(1)  The  bark  of  the  root 

4.00  p.  ct. 

2.65  p.  ct. 

2.00  p.  ct. 

0.20  p.  ot. 

•    •    ■ 

•    •    • 

(2)    "wood    "    "     " 

12.10    " 

1.74    " 

1.70    « 

0.34    " 

8.95  p.  ct. 

10.4  p.  ct. 

(8)    "  green  Icayes 

4.85    " 

0.40    " 

0  77    " 

0.12    " 

•    •    • 

■    ■    • 

(4)    "yellow  base  of leayes 

11.35    " 

3.10    «• 

3.85    " 

0.67    " 

•    ■    • 

•    •    • 

Several  methods  were  tried  for  separating  the  saponin.  The 
most  successful  method  was  to  boil  a  mixture  of  85  per  cent,  alco- 
hol and  the  crude  powdered  wood.  The  solution  was  filtered  and 
set  on  ice  when  a  creamy  white  precipitate  formed.  It  was  puri- 
fied by  repeated  boiling  in  85  per  cent,  alcohol ;  on  cooling,  the 
saponin  separated  as  a  white  powder. 

Some  of  the  results  from  the  examination  of  the  aqueous  extrcLcts^ 
dilute  soda  extracts^  and  dilute  acid  extracts  were  as  following : 

(1).  A  new  gum  was  separated. 

(2).  The  aqueous  extracts  contained  calcium  oxalate,  possibly 
brought  into  solution  by  saponin. 

(3).  The  absence  of  starch  in  the  bark  and  wood  of  the  root, 
and  the  presence  of  inulin. 

(4).  The  bark  and  green  leaves  contained  calcium  phosphate. 

(5).  The  percentages  of  total  albuminoids  were  calculated  by 
estimating  the  amount  of  nitrogen  present.  The  bark  and  wood 
of  the  root  gave  each  4.75  per  cent  of  albuminoids  and  the  leaves 
gave  9.62  per  cent. 


On  THE   CONCENTRATION   OF   CERTAIN   ACID   RADICALS   BT   THE    DIF- 
FERENTIAL ACTION  OF   CHEMISM.      By  Prof.  JOHN  W.    LaNGLET, 

University  of  Michigan,  Ann  Arbor,  Mich. 

[ABSTRACT.] 

When  a  metal  plate  is  suspended  in  a  solution  capable  of  at- 
tacking it,  there  is  a  differential  action  between  the  plate  and  the 
components  of  the  solution  by  which  the  acid  radical,  after  union 
with  the  substance  of  the  metal  plate,  becomes  concentrated  into 
a  smaller  space  than  it  previously  occupied. 

7  Two  methods  for  the  quantltatiye  estimation.    Plant  Analysis,  loe,  cU.,  p.  68. 
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In  the  case  of  copper  in  argentic  nitrate  the  NO3  has  been  ex- 
perimentally found  to  divide  into  two  parts,  bearing  to  each  other 
approximately  the  ratio  of  1  to  8. 

Copper  in  aqueous  bromine  produces  a  concentration  of  bro- 
mine, ^nd  zinc  in  aqueous  bromine  a  still  greater  concentration. 
Also  experiment  proves  that  copper  in  solutions  of  ferric  chloride 
and  zinc  in  solutions  of  copper  sulphate  cause  a  concentration 
of  the  acid  radical  which  takes  place  in  opposition  to  the  results 
which  gravitation  would  be  expected  to  produce.  Also  that 
this  concentration  is  in  some  cases  opposite  to  that  which  the 
law  of  diffusibility  of  salts  would  imply. 

A  provisional  hypothesis  is  adopted  that  these  experiments 
show  chemism  acting  by  linear  attraction  on  distances  greater  than 
the  radius  of  molecular  attraction. 


Negative  bonds  and  rule  for  balancing  equations.    By  Prof. 
Otis  C.  Johnson,  University  of  Michigan,  Ann  Arbor,  Mich. 

[abstract.] 

1.  Rule  for  determining  bonds. 

2.  Rule  for  balancing  equations, 
(a)  Simple  oxidation. 

(6)  Oxidation  with  combination. 

(c)  Double  oxidation. 

(d)  Complex  oxidation. 

(e)  Equations  in  organic  chemistry. 


A  simple  method  of  fixing  crayon  drawings  on  paper.     By 
Prof.  F.  P.  DuNNiNGTON,  University  of  Virginia,  Va. 

[ABSTRACT.] 

It  is  fVequently  desirable  to  presei've  drawings  made  on  the 
blackboard,  for  purposes  of  illustration  to  class.  All  such  draw- 
ings may  be  readily  made  with  colored  crayons  upon  unsized  paper 
and  then  fixed  by  passing  the  paper  through  a  bath  of  dilute  var- 
nish consisting  of  one  part  dammar  varnish  and  twenty-five  parts 
spirits  of  turpentine.  The  paper  is  then  allowed  to  dry  over 
night  and  may  be  handled  and  rubbed  without  blurring  the  draw- 
ing. 
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A   SPONGE-LIKE   MASS   CONTAINING  TITANIC   OXIDE.      By  PTOf.  F.  P. 

DuNNiNGTON,  University  of  Virginia,  Va. 

[ABSTRACT.] 

A  PIECE  of  a  sponge-like  mass  which  was  found  on  a  mountain 
side  was  exhibited  to  the  Section.  It  is  in  a  form  suggesting  that 
it  had  been  fused  and  intumesced,  being  so  light  in  mass  that  it 
will  float  in  water.  It  is  only  to  be  fused  in  small  pieces  by  a  hot 
blast  blowpipe  and  proves  to  have  the  same  constituents  as  the 
soil  beneath,  viz. :  ferric  oxide,  alumina,  silica  and  titanic  oxide, 
containing  five  per  cent  of  the  latter.  It  was  suggested  in  the  Sec- 
tion, that  the  formation  resulted  from  a  stroke  of  lightning. 


A  THERMO-CHEMICAL  ANALYSIS  OF  THE  REACTION  BETWEEN  POTASSIC 
HTDRATE    AND    COHMON    ALUM.      By    Prof.    A.   V.    E.   YODNG, 

Northwestern  University,  Evanston,  111. 

[abstract.*] 

From  the  calorimetric  and  analytical  experiments  described  in 
the  above  paper  it  is  concluded  : 

I.  Tliat  if  potassic  hydrate,  in  proportion  varying  from  fifteen 
molecules  to  eight  molecules,  be  added  to  one  molecule  of  alum  in 
solution  there  is  established  a  chemical  equilibrium  between  the 
soluble  and  insoluble  portions  which  may  be  defined  as  follows : 
In  a  system  consisting  of  aluminic  oxide  and  sulphuric  acid  (Sog) 
there  exists,  for  a  given  proportion  of  constituents  (within  certain 
limits),  and  for  a  given  temperature  and  for  a  given  degree  of  di- 
lution (volume)  a  characteristic  distribution  of  constituents  between 
the  soluble  and  insoluble  portions  of  the  system  ;  if  this  distribution 
is  disturbed  in  either  direction,  it  tends  to  restore  itself.  If  the 
system  be  constituted  of  aluminic  oxide  (AI2O3),  sulphuric  acid 
(S03)  and  potassium  hydrate  (KOH),as  obtained  by  adding  from 
five  to  eight  molecules  of  KO  H  to  one  molecule  of  alum,  there  is 
equilibrium  between  K OH  on  one  hand  and  A)2  03  and  Soson  the 
other.:  -such  that,  for  a  given  proportion  of  unneutral ized  K  O  H,  the 
precipitate  has  the  same  proportion  of  AI2O3  and  SO3  whether  it  be 
obtained  .by  adding  EOH  to  alum  or  by  neutralizing  with  acid  the 
alkaline  solution  obtained  by  adding  ten  molecules  KOH  to  one 
molecule  .of  alum. 

^  Printed  in  ftiU  In  Proceedings  Am.  Acad.,  Boston,  1885. 
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II.  That  this  distribution  is  a  function  of  temperature  and  dilu- 
tion as  well  as  of  mass,  increase  of  eitber  temperature  or  dilution 
tending  to  increase  the  basicity  of  the  precipitate. 

III.  That  these  phenomena  are  probably  due  to  dissociation  by 
water  of  compounds  of  AI2O3  and  SO3  and  of  potassic  aluminate, 
complicated  perhaps  by  the  formation  and  dissociation  of  an  inter- 
mediate compound. 


On  the  graphical  representation  of  the  relation  between 

VALENCE  AND  MeNDELEJEFF's  PERIODIC  LAW.     By  C.  J.  ReED, 

Burlington,  Iowa. 

[abstract.] 

Tub  valence  of  the  elements,  like  many  other  properties,  has 
been  shown  by  Mendelejeff  to  be  a  repeating  function  of  their  atomic 
weights. 

If  valence  be  represented  by  ordinates,  the  ordinates  being 
positive  for  electro-positive  and  negative  for  electro-negative  ele- 


Y' 


.X' 


-  Curve  oF  arHads. 

..-•Curve  of  DCrissads. 
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ments,  and  atomic  weight  by  abscissae,  and  a  point  be  located 
for  each  element,  these  points  fall  on  a  series  of  double  parallels. 
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By  supposing  ibis  plane  to  be  rolled  around  a  cylinder,  tbe  sev** 
eral  parallels  nnite  to  form  a  double  belix,  upon  wbicb  tbe  ele- 
ments group  tbemselves  symmetrically  in  seven  groups  as  sbown 
in  the  figure,  each  group  containing  (theoretically)  fifteen  elements. 
If  tbe  relations  here  indicated  are  real,  we  may  reasonably  con- 
clude that  valence  is  an  equiorescent  rotary  fuiiction  of  atomic 
weight. 


On  the  action  of  carbonic  anhydride  in  aqueous  solution  on 

SOME  of  the   moke   COMMON  MINERALS  ;    MODIFYING  INFLUENCE 
OF   THE   PRESENCE   OP    CHLORIDE    OP     SODIUM.        By    ProfeSSOr 

C.  Gilbert  Wheeler,  Chicago,  III. 

[ABSTRACT.] 

As  all  natural  waters  contain  carbonic  anhydride  in  solution 
and,  in  addition,  a  greater  or  less  percentage  of  common  salt,  it 
becomes  of  importance  to  know  the  solvent  action  of  such  a  solu- 
tion on  the  more  frequently  occurring  mineitil  species  forming  the 
crust  of  the  earth.  And  as,  further,  the  action  referred  to  occurs 
under  varying  conditions  of  temperature  and  pressure,  it  seemed 
to  me  of  much  moment  that  iJiese  circumstances  should  also  be 
carefully  noted. 

Up  to  the  present,  however,  my  experiments  have  been  confined 
to  the  very  frequently  occurring  minerals,  calcite,  dolomite  and  sel- 
enite.  There  is  no  doubt,  though,  that  the  larger  number  of  the 
constituent  minerals  which  compose  the  rock  masses  of  the  crust 
of  the  earth  are  capable  of  being  more  or  less  dissolved,  or  at  least 
decomposed,  by  solutions  such  as  we  have  under  consideration. 
That  even  silicates  are  decomposed,  the  base  being  changed  into 
either  a  carbonate  or  bi-carbonate,  is  generally  recognized  by  chem- 
ico-geologists.  The  disintegrating,  or  decomposition,  of  the  feld- 
spathic  rocks  is  a  well  known  example  of  this  action. 

As  far  as  the  three  minerals  calcite,  dolomite  and  selenite  are 
concerned,  I  do  not  find  that  any  attention  has  been  hitherto 
given  to  the  quantitative  relations  of  their  solubility  in  an  aqueous 
solution  of  carbonic  acid,  except  by  Bischoff  {Chemical  and  PhyS' 
iced  0€ology)y  by  Lassaigne  (Journ.  Chim.  Med.,  1848)  and  by 
J.  H.  Tucker  (Journ.  Am.  Chem.  Soc,  1881),  who  have,  liowever, 
not  in  addition  experimented  with  a  saline  solution  and  on  the 
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simple  carbonic  acid  solution,  limited  their  observations  to  one  or 
two  temperatures. 

To  obtain  my  solution  I  first  saturated  distilled  water  with 
carbonic  acid,  then  added  the  finely  pulverized  mineral  and  allowed 
to  remain  therein,  with  frequent  agitations,  for  from  six  to  ten 
hours.  Where  salt  was  employed  a  saturated  solution  of  this  was 
first  made,  then  saturated  with  carbonic  acid  as  above.  I  used, 
invariably,  the  natural  minerals,  as  the  artificial  compounds  are 
more  soluble  and,  besides,  would  not  as  well  represent  the  actual 
facts  in  their  relation  to  geological  phenomena. 

Solubility  (expressed  in  grams  per  litre  of  solvent)  of: . 


s 

Calcite  in 

Sblbnitb  in 

Dolomite  in 

S 

Water + Co, 

Water 
-KJC-fNaCl 

Water -fCO, 

Water 
+CO,+NaCl 

Watei4-CO, 

Water 
-fCO,+Naei 

(re. 

2.380 

2.223 

10* 

0.G85 

2.498 

2.250 

20* 

OfidS 

0.005 

2.728 

0.495 

2.55S 

0.310 

3<r 

0.710 

0.055 

2.730 

0.945 

2.650 

0365 

40* 

0.680 

0.135 

2.725 

1.080 

2.775 

0.450 

Mr 

0.475 

0.220 

2.705 

1.280 

t.800 

ojsao 

«r 

0.368 

0.230 

2.674 

1.640 

2.266 

0.430 

70" 

0i)16 

0.215 

2.654 

1.920 

0.980 

0.399 

80- 

0.S12 

0.165 

2.620 

1.100 

0.490 

0.395 

w 

0.900 

0.054 

2.600 

0.426 

lOO" 

0.298 

0.010 

2.570 

0.422 

It  may  be  further  mentioned  that  the  saturation  with  carbonic 
acid  was  each  time  effected  at  a  temperature  of  about  15®  C,  and 
not  only  was  the  water  saturated  but  the  air  above  the  liquid  was 
uniformly  displaced  by  the  carbonic  acid  gas  as  well.  The  capac- 
ity of  the  vessel  and  the  volume  of  liquid  were.  In  each  experiment, 
the  same.  After  exposure,  with  frequent  agitation,  at  the  respective 
temperatures,  the  vessel  remaining  closed,  the  solution  was  main- 
tained at  the  temperature  of  the  experiment  till  perfectly  clear, 
then  a  portion  removed  for  quantitative  examination. 
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On  the  electrical  furnace  and  the  reduction  of  the  oxides 

OF  BORON,  silicon,  ALUMINUM  AND  OTHER  METALS  BY  CAR- 
BON. By  Eugene  H.  Cowles,  Alfred  H.  Cowles  and 
Prof.  Charles  F.  Mabery,  Case  School  of  Applied  Science, 
Cleveland,  Ohio. 

The  application  of  electricity  to  metallurgical  processes  has 
hitherto  been  confined  chieflj''  to  the  reduction  of  metals  from  solu- 
tions, and  few  attempts  have  been  made  to  effect  dry  reductions  by 
means  of  ah  electric  current.  Sir  W.  Siemens  attempted  to  util- 
ize the  ijitense  heat  of  an  electric  arc  for  this  purpose,  but  accom- 
plished little  be3'ond  fusing  several  pounds  of  steel.  A  short 
time  since  Eugene  II.  Cowles  and  Alfred  H.  Cowles  of  Cleveland 
conceived  the  idea  of  obtaining  a  continuous  high  temperature  on 
an  extended  scale  by  introducing  into  the  path  of  an  electric  cur- 
rent some  material  that  would  afford  the  requisite  I'esistance, 
thereby  producing  a  corresponding  increase  in  the  temperature. 
After  numerous  experiments  that  need  not  be  described  in  detail, 
coarsely  pulverized  carbon  was  selected  as  the  best  means  for 
maintaining  a  variable  resistance  and  at  the  same  time  as  the  most 
available  substance  for  the  reduction  of  oxides.  When  this  ma- 
terial, mixed  with  the  oxide  to  be  reduced,  was  made  a  part  of 
the  electric  circuit  in  a  fire  clay  retort  and  submitted  to  the  action 
of  a  current  from  a  powerful  dynamo  machine,  not  only  was  the  re- 
duction accomplished  but  the  temperature  increased  to  such  an 
extent  that  the  whole  interior  of  the  retort  fused  completely.  In 
other  experiments  lumps  of  lime,  sand  and  corundum  were  fused, 
with  indications  of  a  reduction  of  the  corresponding  metal.  On 
cooling,  the  lime  formed  large,  well-defined  crystals,  the  corundum 
beautiful  red,  green  and  blue  hexagonal  crystals. 

Following  up  these  results  with  the  assistance  of  Chnrtes  F. 
Mabery,  professor  of  chemistry  in  the  Case  school  of  applied  sci- 
ence, who  became  interested  at  this  stage  of  the  experiments,  it 
was  soon  found  that  the  intense  heat  thus  produced  could  be  util- 
ized for  the  reduction  of  oxides  in  large  quantities,  and  experi- 
ments were  next  tried  on  a  large  scale  with  a  current  from  two 
dynamos  driven  by  an  equivalent  of  fifty  horse  power.  For 
the  protection  of  the  walls  of  the  furnace,  which  were  made  of 
fire  brick,  a  mixture  of  the  ore  and  coarsely  pulverized  gas  carbon 
was  made  a  central  core,  and  it  was  surrounded  on  the  sides  and 


CHEMISTRY.  137 

bottom  by  fine  charcoal,  the  current  following  the  lesser  resistance 
of  the  central  core  from  carbon  electrodes  which  were  inserted  at 
the  ends  of  the  furnace  in  contact  with  the  core.  In  order  to  pro- 
tect the  machines  from  the  variable  resistance  within  the  furnace, 
a  resistance  box  consisting  of  a  coil  of  German  silver  wire  placed 
in  a  large  tanic  of  water  was  introduced  into  the  main  circuit,  and 
a  Brush  ammeter  was  also  attached  by  means  of  a  shunt  circuit  to 
indicate  the  quantity  of  current  tliat  was  absorbed  in  the  furnace. 
The  latter  was  charged  by  first  filling  it  with  charcoal,  making 
a  trough  in  the  center  and  then  filling  this  central  space  with 
the  ore  mixture,  which  was  covered  with  a  layer  of  coarse  char- 
coal. The  furnace  was  closed  at  the  top  with  fire-brick  slabs 
containing  two  or  three  holes  for  the  escape  of  the  gaseous  pro- 
ducts of  the  reduction  and  the  entire  furnace  made  air-tight  by 
luting  with  fire-clay.  Within  a  few  minutes  after  starting  the 
dynamo,  a  stream  of  carbonic  oxide  issued  through  the  openings, 
burning  usually  with  a  flame  eighteen  inches  in  height.  The  time 
required  for  complete  reduction  was  ordinarily  about  an  hour. 

The  furnace  at  present  in  use  is  charged  in  substantially  the 
same  manner,  and  the  current  is  supplied  by  a  Brush  machine  of 
variable  electromotive  force  driven  by  an  equivalent  of  forty  horse 
power.  A  Brush  machine  capable  of  utilizing  125  horse-power, 
or  two  and  one-half  times  as  large  as  any  hitherto  constructed  by 
the  Brush  electric  company',  is  being  made  for  the  Cowles  electric 
smelting  and  aluminum  company,  and  this  mach  ne  will  soon  be  in 
operation.  Experiments  already  made  show  that  aluminum,  sili- 
con, boron,  manganese,  magnesium,  sodium  and  potassium  can  be 
reduced  from  their  oxides  with  ease.  In  fact,  there  is  no  oxide 
that  can  withstand  temperatures  attainable  in  this  electrical  fur- 
nace. Charcoal  is  changed  to  graphite ;  whetlier  this  indicates 
fusion  or  solution  of  carbon  in  the  reduced  metals  has  not  been 
fully  determined.  As  to  what  can  be  accomplished  by  converting 
enormous  electrical  energy  into  heat  within  a  limited  space  it  can 
only  be  said  that  it  opens  the  way  into  an  extensive  field  for  both 
pure  and  applied  chemistry.  It  is  not  difiScult  to  conceive  of 
temperatures  limited  only  by  the  capability  of  carbon  to  resist 
fusion.  The  results  to  be  obtained  with  the  large  Brush  machine 
above  mentioned  will  be  of  some  importance  in  this  direction. 

Since  the  cost  of  the  motive  power  is  the  chief  expense  in  ac- 
complishing reduction  by  this  method,  its  commercial  success  is 
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closely  connected  with  the  cheapest  form  of  power  to  be  obtained. 
Bealizing  the  importance  of  this  point  the  Cowles  electric  smeltin 
and  aluminum  company  has  purchased  an  extensive  and  reliable 
water  power,  and  works  are  soon  to  be  erected  for  the  utilization 
of  1,200  horse-power.  An  important  feature  in  the  use  of  these 
furnaces,  from  a  commercial  standpoint,  is  the  slight  technical 
skill  required  in  their  manipulation.  The  four  furnaces  in  opera- 
tion in  the  experimental  laboratory  at  Cleveland  are  in  charge  of 
two  young  men  twenty  years  of  age,  who,  six  months  ago,  knew 
absolutely  nothing  of  electricity.  The  products  at  present  manu- 
factured are  the  various  grades  of  aluminum  bronze  made  from  a 
rich  furnace  product  that  is  obtained  by  adding  copper  to  the 
charge  of  ore,  silicon  bronze  prepared  in  the  same  manner,  and 
aluminum  silver,  an  alloy  of  aluminum  with  several  other  metals. 
A  boron  bronze  may  be  prepared  by  the  reduction  of  boracic  acid 
in  contact  with  copper. 

As  commercial  results,  may  be  mentioned  the  production  of  10 
per  cent  aluminum  bronze  in  the  experimental  laboratory  with  a 
daily  average  of  fifty  pounds,  and  it  can  be  supplied  to  the  trade  in 
large  quantities  at  prices  based  upon  $5  per  pound  for  the  alumi- 
num contained,  the  lowest  market  quotation  of  this  metal  being 
at  present  $15  per  pound.  Silicon  bronze  can  be  furnished  at 
prices  far  below  those  of  the  French  manufacturers. 

A  careful  study  has  been  made  of  the  allo3's  which  aluminum 
and  silicon  form  with  copper.  An  alloy  containing  10  per  cent  of 
aluminum  and  90  per  cent  of  copper  forms  the  so-called  aluminum 
bronze  with  a  fine  gold  color,  which  is  quite  permanent  in  the 
atmosphere.  The  tensile  strength  of  this  alloy  is  usually  given  as 
100,000  pounds  to  the  square  inch  ;  but  castings  of  our  10  per  cent 
bronze  liave  stood  a  strain  of  109,000  pounds.  It  is  a  very  hard, 
tough  alloy  with  a  capacity  to  withstand  wear  far  in  excess  of  any 
other  alloy  in  use.  All  grades  of  aluminum  bronze  make  fine 
castings,  taking  very  exact  impressions  and  there  is  no  loss  in 
remelting,  as  in  the  case  of  alloys  containing  zinc.  The  5  per 
cent  aluminum  alloy  is  a  close  approximation  in  color  to  eighteen 
carats  gold  and  does  not  tarnish  readily.  Its  tensile  strength  in 
the  form  of  castings  is  equivalent  to  a  strain  of  68,000  pounds  to 
the  square  inch.  An  alloy  containing  2  or  3  per  cent  aluminum 
is  stronger  than  brass,  possesses  greater  permanency  of  color  and 
would  make  an  excellent  substitute  for  that  metal.    When  the 
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percentage  of  aluminum  reaches  13,  an  exceedingly  bard,  brittle 
alloy  of  a  reddish  color  is  obtained  and  higher  percentages  in- 
crease the  brittleness  and  the  color  becomes  grayish-black.  AlK>ve 
25  per  cent  the  strength  again  increases. 

The  effect  of  silicon  in  small  proportions  upon  copper  is  to 
greatly  increase  its  tensile  strength.  When  more  than  five  per 
cent  is  present,  the  product  is  exceedingly  brittle  and  grayish- 
black  in  color.  It  is  probable  that  silicon  acts  to  a  certain  extent 
as  a  fluxing  material  upon  the  oxides  present  in  the  copper,  there- 
by making  the  metal  more  homogeneous.  On  account  of  its 
superior  strength  and  high  conductivity  for  electrical  currents,  sili- 
con bronze  is  the  best  material  known  for  telegraph  and  telephone 
wire. 

The  element  boron  seems  to  have  almost  as  marked  an  effect 
upon  copper  as  carbon  does  upon  iron.  A  small  percentage  in- 
creases the  tensile  strength  of  copper  to  50,000  or  60,000  pounds 
per  square  inch  without  diminishing  to  any  great  extent  its  elec- 
trical conductivity. 

Aluminum  increases  very  considerably  the  strength  of  all  metals 
with  which  it  is  alloyed.  An  alloy  of  copper  and  nickel,  with 
a  small  percentage  of  aluminum,  called  Hercules  metal,  with- 
stood a  strain  of  105,000  pounds  and  broke  without  elongation. 
Another  grade  of  this  metal  broke  under  a  strain  of  111,000 
pounds  with  an  elongation  equivalent  to  83  per  cent.  It  must  be 
remembered  that  these  tests  were  all  made  upon  castings  of  the 
alloys.  The  strength  of  common  brass  is  doubled  by  the  addi- 
tion of  2  or  3  per  cent  of  aluminum.  Alloys  of  aluminum  and 
iron  are  obtained  without  difficulty;  one  product  was  analyzed 
containing  40  per  cent  of  aluminum.  In  the  furnace  iron  does  not 
seem  to  be  absorbed  readily  by  the  reduced  aluminum  when  copper 
is  present ;  but  in  one  experiment  a  mixture  composed  of  old  files 
60  per  cent,  nickel  5  per  cent  and  of  10  per  cent  aluminum  bronze 
35  per  cent,  was  melted  together  and  gave  a  malleable  product  that 
stood  a  strain  of  69,000  pounds. 

When  the  reduction  of  aluminic  oxide  by  carbon  is  conducted 
without  the  addition  of  copper  a  brittle  product  is  obtained  that 
behaves  in  many  respects  like  pig  iron  as  it  comes  from  the  blast 
furnace.  The  same  product  is  formed  in  considerable  quantities 
even  when  copper  is  present,  and  frequently  the  copper  alloy  is 
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foaad  imbedded  in  it.  Graphite  is  alwajs  found  masociated  with  it 
after  the  re^lactioD,  eren  when  charcoal  is  the  redacing  matefial 
and  analysis  inrariably  shows  a  Terr  high  percentage  of  metallic 
alaminam.  TLls  extremely  interesting  prodaet  is  at  present 
noder  examination. 


CanncAi.  costessios  scales.    By  W.  A.  WrxHKBS,  State  Exper- 
iment Station,  Raleigh,  X.  C. 


A  COX5IDESATIOS   OP   THE   ATOXIC   WEIGHTS   OF   BOMS   OF  THE   ELE- 

xesTS  rocsD  is  agricultural  asaltsis,  axd  their  applica- 

TIOS  TO   COSTEBSIOS  TABLES  TO  FACILITATE   CALCULATION.      By 

H.  B.  Battle  and  F.  B.  Daxct,  Agricnitaral   Experiment 
Station,  Baleigh,  N.  C. 


Chemical  asd  therxo-chexical  relations  of  the  gases  of  the 
atx05phebe  is  the  disintegration  and  xetaxorphisx  of 
ROCKS.     By  J.  W.  Pike,  Vineland,  N.  J. 
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THE  SECOND  LAW  OF  THERMODYNAMICS, 


The  second  law  of  thermodynamics  will  be  the  subject  of  this 
address,  and  its  object  will  be  to  make  clear  what  that  law  is,  and 
to  show  that  Rankine's  statement  of  it  is  the  only  correct  one,  and, 
moreover,  entirely  comprehensible  and  easily  demonstrable.  After 
calling  your  attention  to  some  statements  as  to  this  law  and  as 
to  Rankine's  way  of  putting  it,  no  apology  will  be  necessary  for 
the  choice  of  a  subject,  which  ought  already  to  have  been  fully  and 
satisfactorily  settled. 

Professor  Tait,  quoting  from  Clerk-Maxwell,  says :  "  .     .     . 
but  when  we  come  to  Rankine's  Second  Law  of  Thermodynamics, 
we  find  that     ...     its  actual  meaning  is  inscrutable. 

"  'The  Second  Law  of  Thermodynamics. — If  the  total  actual  heat 
of  a  homogeneous  and  uniformly  hot  substance  be  conceived  to  be 
divided  into  any  number  of  equal  parts,  the  effects  of  those  parts 
in  causing  work  to  be  performed  are  equal.' 

'^  We  find  it  difficult,  even  in  1878,  to  attach  any  distinct  mean- 
ing to  the  total  actual  heat  of  a  body,  and  still  more  to  conceive 
this  heat  divided  into  equal  parts,  and  to  study  the  action  of  each 
of  these  parts ;  but,  as  if  our  powers  of  deglutition  were  not.  yet 
suflOlciently  strained,  Rankine  follows  this  up  with  another  state- 
ment of  the  same  law,  in  which  we  have  to  assert  our  intuitive 
belief  that — 

*'  'If  the  absolute  temperature  of  any  uniformly  hot  substance 
be  divided  into  any  number  of  equal  parts,  the  effects  of  those  parts 
in  causing  work  to  be  performed  are  equal.' 

(US) 


144  8RCTION  D. 

'^  ^The  stadent  who  thinks  that  he  can  form  any  idea  of  the 
meaning  of  this  sentence  is  quite  capable  of  explaining,  on  ther- 
inodj'namic  principles,  what  Mr.  Tennyson  says  of  the  great 
Duke— 

•  Whose  eighty  winters  freeze  with  one  rebuke 
All  great  self-seekers  trampling  on  the  right/"* 

With  all  respect  for  the  eminent  physicist  who  gave  this  chal- 
lenge, I  would  rather  be  responsible  for  these  statements  of  the 
second  law  than  for  that  with  reference  to  his  now  celebrated  ''de- 
mon." "He  will  thus  without  expenditure  of  work  raise  the  tem- 
perature of  B  and  lower  that  of  A,  in  contradiction  to  the  second 
law  of  thermodynamics."^ 

Clausius  gives  as  the  ''  Second  Fundamental  Principle  of  the 
Mechanical  Theory  of  Heat" — "Heat  cannot  of  Itself  flow  from  a 
colder  to  a  warmer  body,"  and  then  applies  it  in  thermodynamic 
investigations,  and  essentially  this  statement,  perhaps  because  of 
its  inviting  nature,  is  given  in  some  one  of  its  forms  by  numerous 
authors  as  the  second  law  of  thermodynamics ;  now  it  may  be  a 
law  in  the  general  theory  of  heat  but  not  in  thermodynamics,  which 
treats  of  the  relations  between  heat  and  mechanical  energy .^  This 
is  a  very  different  statement  from  Rankine's  ;  it  is  simple  and  plau- 
sible^-deceptively  so — and  amounts  to  a  statement  that  the  uni- 
verse is  running  down,  which  is  by  no  means  axiomatic  or  easily 
demonstrable. 

The  formula  for  the  maximum  efficiency  of  a  heat-en  ine  is 
sometimes  given  as  the  second  law  of  thermodynamics ;  but  this  is 
a  consequence  only  of  that  law  and  of  the  form  in  which  any  con- 
tinuously acting  heat-engine  must  necessarily  be  built.  Rankine 
calls  this  the  *Maw  of  the  efficiency  of  elementary  thermodynamic 
engines,"  and  the  manner  in  which  it  results  from  his  second  law 
is  simple  and  evident ;  it  is,  however,  more  frequently  made  to 
depend  upon  Clausius's  fundamental  principle,  or  its  equivalent, 
by  an  argument  based  upon  the  fact  that  a  perfect  heat-engine  is 
reversible,  and  a  significant  remark  of  Professor  H.  T.  Eddy's  is 
to  be  noted  here.     "...     The  necessity  for  the  existence  of 

»  "Miscellaneous  Scientific  Papers:  with  Memoir  of  Rankine,"  by  P.  G.  Tait,  M.A., 
London ,  1881 .    Page  30  of  Memoir . 

»  "  Theory  of  Heat :"  by  J.  Clerk-Maxwell,  M.  A.,  London,  1877, '  ago  398.  ( A  and  B 
stand  for  Iwo  portions  of  a  uniformly  hot  and  dense  gas  separated  fl-om  each  other  by 
a  thin  wall). 

*  Seo  Ranklne's  "  Steam  Engine/'  pages  223  and  209. 
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the  second  law  is  to  afford  a  basis  for  Carnot's  principle,  and  any 
truth  which  affords  such  a  basis  is  called  the  second  law."^  This 
is  anything  but  a  dignified  r61e  for  a  law  of  nature,  which  should 
never  hold  a  position  escept  in  its  own  right,  and  the  formulae  of 
thermodynamics  should  not  be  made  to  depend  upon  truths  chosen 
in  this  way. 

A  discussion  of  the  various  forms  of  the  argument  referred  to 
would  occupy  too  much  space  to  form  a  part  of  this  address,  it 
may  therefore  be  made  the  subject  of  a  future  paper.  It  is,  how- 
ever, to  be  remarked  that  the  efficiency  formula  can  be  proved 
equally  well  on  the  supposition  that  heat  will  not  flow  of  itself 
from  a  hot  body  to  a  cold  one,  or  even  that  it  will  not  flow  in  either 
direction, — we  have  only  to  reverse  the  pair  of  connected  engines 
in  the  one  case,  or  to  run  them  in  either  direction  in  the  other,  to 
show  the  efficiency  formula  to  be  as  correct  as  the  hypothesis.  It 
follows,  therefore,  that  the  truth  of  this  formula  is  reflected  in  no 
degree  upon  the  hypothesis  of  Clansius,  and,  further,  this  second 
fundamental  principle,  while  it  may  be  true,  has  nothing  to  do  with 
the  second  law  of  thermodynamics  as  given  b}'  Rankine,  except 
in  such  way  as  all  natural  phenomena  may  be  connected.  We 
may  add  also  that  the  necessity  for  this  form  of  argument  has 
greatly  diminished,  perhaps  disappeared,  since  Carnot's  time,  the 
discovery  of  the  nature  of  heat  having  furnished  us  with  the  means 
of  deducing  the  second  law  directly  from  a  consideration  of  its 
action. 

The  preference,  too,  should  always  be  given  to  the  proof  which 
is  direct,  and  which  exhibits  tbe  mechanism  of  nature — which  fol- 
lows her  straight  path  and  reveals  her  steps.  The  reductio  ad 
absurdum  and  other  indirect  arguments  should  only  be  used  tenta- 
tively until  the  direct  chain  of  evidence  may  be  traced,  and  no 
scientific  mind  should  be  satisfied  witli  a  demonstration  which 
would  compel  belief  without  removing  apparent  objections. 

There  is,  however,  much  evidence,  besides  that  furnished  by  Pro- 
fessor Tait,  that  Rankine  is  not  understood ;  his  statements  are 
either  copied  verbatim,  without  explanation,  or  modified  in  a  way 
to  make  this  evident.  But  Rankine  is  not  so  much  to  blame ; 
statements  on  well-understood  subjects  are  often  in  themselves 
quite  unintelligible,  and  in  new  fields  words  and  phrases  are  not 

4 «« Theniiod7naiiiIc8,>*  by  H.  T.  Eddy,  C.  E.,  Ph.  D.,  New  York,  1879,  pnge  18. 
A.  ▲.  ▲.  S.,  VOL.  XXXIY.  10 
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always  at  hand  to  completely  express  new  ideas.  Language  is 
meant  to  excite  and  direct  the  imagination,  and  rarely  does  a  form 
of  words,  when  first  heard,  convey  a  definite  and  correct  meaning 
unless  the  imagination  meets  it  with  pictures  of  all  possible  ways 
in  which  it  may  apply.  Sometimes  even  it  is  necessary  to  under- 
stand tlie  subject  before  statements  in  regard  to  it  can  be  appre* 
ciated,  and  I  must  confess  that  before  working  up  this  subject 
myself,  Rankine's  statements  were  troublesome;  now,  however, 
they  seem  so  reasonable  that  I  shall  endeavor  to  lead  you  to  the 
same  opinion  and  to  convince  you  that  of  the  three  statements  to 
which  reference  has  been  made,  only  Rankine's  is  indeed  the  sec- 
ond  law  of  thermodynamics. 

Let  us  inquire  first  what  we  should  expect  for  the  second  law, 
after  the  first  law  has  stated  that  heat  and  work  are  mutually  con- 
avertible  and  convertible  in  a  fixed  ratio.  It  is  manifestly  ap- 
propriate that  the  second  law  state  the  agency  by  which  such  a 
oonveraion  may  be  effected,  and  also  the  rate  at  which  it  will  pro- 
-ceed. 

To  my  classes  in  this  subject  I  have  for  two  or  three  years  past 
rgiiven  the  following  statement  of  the  second  law : — 

A  quantity  of  Jieaty  TT',  may  be  employed  as  an  instrument  for 
4he  conversion  of  another  quantity  of  Jieat^^Wj  itito  work^  or  for  the 
'Conversion  of  a  quantity  of  work^  -4,  into  heat^  and  the  converted 
-quantity  will  be  proportional  to  the  convertor  quantity  for  a  given 
•diange  of  volume  or  of  entropy. 

To  realize  the  meaning  of  this  statement,  let  us  imagine  the  sim- 
iplest  physical  air-engine  ; — we  need  no  fly-wheel,  valves,  etc.,  but 
simply  a  vertical  cylinder  of  infinite  height  and  unit  section  with 
•non-conducting  walls ;  the  cylinder  bottom  must  be  permeable  to 
.heat  and  the  non-conducting  piston  must  be  loaded  with  a  pressure 
varying  so  as  to  be  always  but  a  differential  less  than  the  gaseous 
pressure  beneath  it.  If  we  fix  a  finite  limit  to  the  total  amount  of 
heat  which  the  engine  shall  be  capable  of  transforming  into  work, 
then  the  height  of  our  cylinder  need  not  be  infinite. 

But  this  is  no  more  than  the  shell  of  the  engine ; — we  will  sup- 
pose the  piston  to  be  at  such  a  point  that  the  cylinder  shall  have 
a  volume  of  one  cubic  unit,  and  we  will  now  put  into  it,  say,  one  unit 
of  mass  of  the  molecules  of  a  perfect  gas ; — the  molecules  may  be 
supposed  to  be  lying  on  the  bottom,  like  dust,  or  they  may  be  equally 
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distributed  through  the  space,  as  in  any  gas,  but  they  will  be  de* 
void  of  motion.  We  have  now  added  the  muscles,  perfect  in  all 
respects,  except  that  they  are  dead,  and  our  engine  is  no  more 
capable  of  performing  its  functions  than  would  be  a  dead  crab  or 
lobster.  The  engine  is  not  capable  of  transforming  heat  into  work, 
for  the  reason  that  the  agent  by  which  such  a  transformation  may 
be  effected  is  not  present;  the  space  exists  through  which  the  piston 
may  move,  but,  inasmuch  as  the  molecules  exert  no  pressure 
against  the  piston,  there  can  be  no  question  of  work.  Work  Is 
the  product  of  force  into  space,  and  one  factor,  the  characteristic 
one,  is  here  wanting. 

To  obtain  the  needed  pressure  we  must  heat  the  molecules  of 
the  gas  to  the  absolute  temperature  r,  t.  e.,  we  must  store  in  the 
molecules  an  amount  of  kinetic  energy  proportional  to  r,  and  cal- 
culation shows  that  the  pressure  per  square  unit,  which  will  then 
result  from  the  rebounding  of  the  molecules  from  the  piston  and 
walls  of  the  cylinder  will  be  proportional  to  this  amount.  It  will 
also,  should  the  volume  be  increased  by  changing  the  position  of 
the  piston,  be  inversely  proportional  to  that  volume.  In  the  ordi- 
nary formula  which  connects  the  volume,  pressure  and  temperature 
of  a  perfect  gas, 

pv=Rr, 
we  have  but  to  suitably  change  the  value  of  R,  say  to  R',  to  be 
able  to  write 

^v=R'W', 
where  p  and  v  are  the  same  pressure  and  volume  as  before,  R'  a 
new  constant  and  W'  the  converter  quantity  of  energy,  referred 
to  in  the  law  as  given  above,  and  which  we  have  stored  up  in  the 
mass  of  the  molecules  to  act  as  the  agent  or  instrument  for  the 
conversion  of  heat  into  work,  or  vice  versa, 

I  wish  to  emphasize  this  point : — the  engine  consists  of  mass 
and  energy,  the  mass  being  divided  into  two  portions,  viz.,  the  metal- 
lic parts  of  the  engine,  which  are  made  in  the  machine  shop,  and 
the  molecular  masses,  which  we  will  suppose  to  be  supplied  in  the 
physical  laboratory.  The  animal  is  not  perfect  without  life,  it  is 
not  an  animal  and  cannot  perform  the  functions  of  one,  and  so  it 
is  the  stored-up  energy,  which  is  the  real  agent  in  the  engine,  and 
without  which  the  engine  may  be  said  not  to  exist.^ 

iRankine  states  somewhere  that  it  is  the  working  Anid  which  is  the  flmdamental  part 
of  the  engine,  but  I  think  that  in  this  Bankine  faUs  behind  himself. 
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found  imbedded  ia  it.  Graphite  is  always  found  associated  with  it 
after  the  reduction,  even  when  charcoal  is  the  reducing  material 
and  analysis  invariably  shows  a  very  high  percentage  of  metallic 
aluminum.  This  extremely  interesting  product  is  at  present 
under  examination. 


Chemical  conversion  scales.    By  W.  A.  Withers,  State  Exper- 
iment Station,  Raleigh,  N.  C. 


A  consideration  of  the  atomic  weights  of  some  of  the  ele- 
ments FOUND  in  agricultural  ANALYSIS,  AND  THEIR  APPLICA- 
TION TO   CONVERSION  TABLES  TO  FACILITATE   CALCULATION.      By 

H.  B.  Battle  and  F.  B.  Danct,  Agricultural   Experiment 
Station,  Raleigh,  N.  C. 


Chemical  and  thermo-cbemical  relations  of  the  gases  of  the 
atmosphere  in  the  disintegration  and  metamorphism  of 
rocks.    By  J.  W.  Pike,  Vineland,  N.  J. 
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THE  SECOND  LAW  OF  THERMODYNAMICS. 


The  second  law  of  thermodynamics  will  be  the  subject  of  this 
address,  and  its  object  will  be  to  make  clear  what  that  law  is,  and 
to  show  that  Rankine's  statement  of  it  is  the  only  correct  one,  and, 
moreover,  entirely  comprehensible  and  easily  demonstrable.  After 
calling  your  attention  to  some  statements  as  to  this  law  and  as 
to  Rankine's  way  of  putting  it,  no  apology  will  be  necessary  for 
the  choice  of  a  subject,  which  ought  already  to  have  been  fully  and 
satisfactorily  settled. 

Professor  Tait,  quoting  from  Clerk-Maxwell,  sa^'s :  "  .     .     . 
but  when  we  come  to  Rankine's  Second  Law  of  Thermodj^namics, 
we  find  that     ...     its  actual  meaning  is  inscrutable. 

"  'The  Second  Law  of  Thermodynamics. — If  the  total  actual  heat 
of  a  homogeneous  and  uniformly  hot  substance  be  conceived  to  be 
divided  into  any  number  of  equal  parts,  the  effects  of  those  parts 
in  causing  work  to  be  performed  are  equal.' 

'^  We  find  it  difficult,  even  in  1878,  to  attach  any  distinct  mean- 
ing to  the  total  actual  heat  of  a  body,  and  still  more  to  conceive 
this  heat  divided  into  equal  parts,  and  to  study  the  action  of  each 
of  these  parts ;  but,  as  if  our  powers  of  deglutition  were  not.  yet 
suflSciently  strained,  Rankine  follows  this  up  with  another  state- 
ment of  the  same  law,  in  which  we  have  to  assert  our  intuitive 
belief  that — 

"  'If  the  absolute  temperature  of  any  uniformly  hot  substance 
be  divided  into  any  number  of  equal  parts,  the  effects  of  those  parts 
in  causing  work  to  be  performed  are  equal.' 

(143) 
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^^'The  stadent  who  thinks  that  he  can  form  any  idea  of  the 
meaning  of  this  sentence  is  quite  capable  of  explaining,  on  ther- 
inodj^namic  principles,  what  Mr.  Tennyson  says  of  the  great 
Duke— 

*  Whose  eighty  winters  freeze  with  one  rehuke 
All  great  self-seekers  trampling  on  the  right.'"* 

With  all  respect  for  the  eminent  physicist  who  gave  this  chal- 
lenge, I  would  rather  be  responsible  for  these  statements  of  the 
second  law  than  for  that  with  reference  to  his  now  celebrated  '*de- 
mon."  "He  will  thus  without  expenditure  of  work  raise  the  tem- 
perature of  B  and  lower  that  of  A,  in  contradiction  to  the  second 
law  of  thermodynamics."^ 

Clausius  gives  as  the  **  Second  Fundamental  Principle  of  the 
Mechanical  Theory  of  Heat" — "Heat  cannot  of  itself  flow  from  a 
colder  to  a  warmer  bod}*,"  and  then  applies  it  in  thermodynamic 
investigations,  and  essentially  this  statement,  perhaps  because  of 
its  inviting  nature,  is  given  in  some  one  of  its  forms  by  numerous 
authors  as  the  second  law  of  thermodynamics ;  now  it  ma}'  be  a 
law  in  the  general  theory  of  heat  but  not  in  thermodynamics,  which 
treats  of  the  relations  between  heat  and  mechanical  energy .^  This 
is  a  very  different  statement  from  Rankine's  ;  it  is  simple  and  plau- 
sible—deceptively so— and  amounts  to  a  statement  that  the  uni- 
verse is  running  down,  which  is  by  no  means  axiomatic  or  easily 
demonstrable. 

The  formula  for  the  maximum  efficiency  of  a  heat-en  ine  is 
sometimes  given  as  the  second  law  of  thermodynamics  ;  but  this  is 
a  consequence  only  of  that  law  and  of  the  form  in  which  any  con- 
tinuously acting  heat-engine  must  necessarily  be  built.  Haukine 
calls  this  the  "law  of  the  efficiency  of  elementary  thermodynamic 
engines,"  and  the  manner  in  which  it  results  from  his  second  law 
is  simple  and  evident ;  it  is,  however,  more  frequently  made  to 
depend  upon  Clausius's  fundamental  principle,  or  its  equivalent, 
by  an  argument  based  upon  the  fact  that  a  perfect  heat-engine  is 
reversible,  and  a  significant  remark  of  Professor  H.  T.  Eddy's  is 
to  be  noted  here.    "...    The  necessity  for  the  existence  of 

1 "  MiscellaneoiiB  Scientific  Papers :  with  Memoir  of  Rankine,"  by  P.  G.  Taifc,  M.A., 
London,  1881.    Page  30  of  Memoir. 

a  "  Theory  of  Heait :"  by  J.  Clerk-Maxwell,  M.  A.,  London,  1877, '  ago  338.  (A  and  B 
fitand  for  two  portions  of  a  aniformly  hot  and  dense  gas  separated  fk-om  each  other  by 
a  thin  wall). 

>  See  Ranklne's  "  Steam  Engine/'  pages  22S  and  209. 
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the  second  law  is  to  afford  a  basis  for  Carnot's  principle,  and  any 
truth  which  affords  such  a  basis  is  called  the  second  law."'*  This 
is  anything  but  a  dignified  r6le  for  a  law  of  nature,  which  should 
never  hold  a  position  except  in  its  own  right,  and  the  formulae  of 
thermodynamics  should  not  be  made  to  depend  upon  truths  chosen 
in  this  way. 

A  discussion  of  the  various  forms  of  the  argument  referred  to 
would  occupy  too  much  space  to  form  a  part  of  this  address,  it 
may  therefore  be  made  the  subject  of  a  future  paper.  It  is,  how- 
ever, to  be  remarked  that  the  efficiency  formula  can  be  proved 
equally  well  on  the  supposition  that  heat  will  not  flow  of  itself 
from  a  hot  body  to  a  cold  one,  or  even  that  it  will  not  flow  in  either 
direction, — we  have  only  to  reverse  the  pair  of  connected  engines 
in  the  one  case,  or  to  run  them  in  either  direction  in  the  other,  to 
show  the  efficiency  formula  to  be  as  correct  as  the  hypothesis.  It 
follows,  therefore,  that  the  truth  of  this  formula  is  reflected  in  no 
degree  upon  the  hypothesis  of  Clausius,  and,  further,  this  second 
fundamental  principle,  while  it  may  be  true,  has  nothing  to  do  with 
the  second  law  of  thermodynamics  as  given  by  Rankine,  except 
in  such  way  as  all  natural  phenomena  may  be  connected.  We 
may  add  also  that  the  necessity  for  this  form  of  argument  has 
greatly  diminished,  perhaps  disappeared,  since  Carnot's  time,  the 
discovery  of  the  nature  of  heat  having  furnished  us  with  the  means 
of  deducing  the  second  law  directly  from  a  consideration  of  its 
action. 

The  preference,  too,  should  always  be  given  to  the  proof  which 
is  direct,  and  which  exhibits  the  mechanism  of  nature — which  fol- 
lows her  straight  path  and  reveals  her  steps.  The  reductio  ad 
absurdum  and  other  indirect  arguments  should  only  be  used  tenta- 
tively until  the  direct  chain  of  evidence  may  be  traced,  and  no 
scientific  mind  should  be  satisfied  witli  a  demonstration  which 
would  compel  belief  without  removing  apparent  objections. 

There  is,  however,  much  evidence,  besides  that  furnished  by  Pro- 
fessor Tait,  that  Rankine  is  not  understood ;  his  statements  are 
either  copied  verbatim,  without  explanation,  or  modified  in  a  way 
to  make  this  evident.  But  Rankine  is  not  so  much  to  blame ; 
statements  on  well-understood  subjects  are  often  in  themselves 
quite  unintelligible,  and  in  new  fields  words  and  phrases  are  not 

*  *'  Thermodynamics,"  by  H.  T.  Eddy,  C.  E.,  Pta.  D.,  New  York,  1879,  pnge  18. 
A.  A.  A.  S.,  VOL.  XXXIV.  10 
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always  at  hand  to  completely  express  new  ideas.  Language  is 
meant  to  excite  and  direct  the  imagination,  and  rarely  does  a  form 
of  words,  when  first  heard,  convey  a  definite  and  correct  meaning 
unless  the  imagination  meets  it  with  pictures  of  all  possible  ways 
in  which  it  may  apply.  Sometimes  even  it  is  necessary  to  under* 
stand  the  subject  before  statements  in  regard  to  it  can  be  appre- 
ciated, and  I  must  confess  that  before  working  up  this  subject 
myself,  Rankine's  statements  were  troublesome;  now,  however, 
they  seem  so  reasonable  that  I  shall  endeavor  to  lead  you  to  the 
same  opinion  and  to  convince  you  that  of  the  three  statements  to 
which  reference  has  been  made,  only  Rankine's  is  indeed  the  sec- 
ond  law  of  thermodynamics. 

Let  us  inquire  first  what  we  should  expect  for  the  second  law, 
after  the  first  law  has  stated  that  heat  and  work  are  mutually  con- 
vertible and  convertible  in  a  fixed  ratio.  It  is  manifestly  ap- 
jpropriate  that  the  second  law  state  the  agency  by  which  such  a 
-conversion  may  be  effected,  and  also  the  rate  at  which  it  will  pro- 
•«eed. 

To  my  classes  in  this  subject  I  have  for  two  or  three  years  past 
rgiven  the  following  statement  of  the  second  law : — 

A  quantity  of  heat^  W^  may  he  employed  as  an  instrumeiU  for 
jthe  conversion  of  another  quantity  of  heat^^W^  into  work^  or  for  the 
^convei'sion  of  a  quantity  of  work^  -4,  into  heat^  and  tlie  converted 
^quantity  will  he  proportional  to  the  convertor  quantity  for  a  given 
'Change  of  volume  or  of  entropy. 

To  realize  the  meaning  of  thisistatement,  let  us  imagine  the  sim- 
iplest  physical  air-engine  ; — we  need  no  fly-wheel,  valves,  etc.,  but 
: simply  a  vertical  cylinder  of  infinite  height  and  unit  section  with 
Jion-conducting  walls ;  the  cylinder  bottom  must  be  permeable  to 
.heat  and  the  non-conducting  piston  must  be  loaded  with  a  pressure 
varying  so  as  to  be  always  but  a  differential  less  than  the  gaseous 
pressure  beneath  it.  If  we  fix  a  finite  limit  to  the  total  amount  of 
heat  which  the  engine  shall  be  capable  of  transforming  into  work, 
then  the  height  of  our  cylinder  need  not  be  infinite. 

But  this  is  no  more  than  the  shell  of  the  engine ; — we  will  sup- 
pose the  piston  to  be  at  such  a  point  that  the  cylinder  shall  have 
a  volume  of  one  cubic  unit,  and  we  will  now  put  into  it,  say,  one  unit 
of  mass  of  the  molecules  of  a  perfect  gas ; — the  molecules  may  be 
supposed  to  be  lying  on  the  bottom,  like  dust,  or  they  may  be  equally 
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distributed  through  the  space,  as  in  any  gas,  but  they  will  be  de- 
void of  motion.  We  have  now  added  the  muscles,  perfect  in  all 
respects,  except  that  they  are  dead,  and  our  engine  is  no  more 
capable  of  performing  its  functions  than  would  be  a  dead  crab  or 
lobster.  The  engine  is  not  capable  of  transforming  heat  into  work, 
for  the  reason  that  the  agent  by  which  such  a  transformation  may 
be  effected  is  not  present;  the  space  exists  through  which  the  piston 
may  move,  but,  inasmuch  as  the  molecules  exert  no  pressure 
against  the  piston,  there  can  be  no  question  of  work.  Work  Is 
the  product  of  force  into  space,  and  one  factor,  the  characteristic 
one,  is  here  wanting. 

To  obtain  the  needed  pressure  we  must  heat  the  molecules  of 
the  gas  to  the  absolute  temperature  r,  t.  e.,  we  must  store  in  the 
molecules  an  amount  of  kinetic  energy  proportional  to  r,  and  cal- 
culation shows  that  the  pressure  per  square  unit,  which  will  then 
result  from  the  rebounding  of  the  molecules  from  the  piston  and 
walls  of  the  cylinder  will  be  proportional  to  this  amount.  It  will 
also,  should  the  volume  be  increased  by  changing  the  position  of 
the  piston,  be  inversely  proportional  to  that  volume.  In  the  ordi- 
nary formula  which  connects  the  volume,  pressure  and  temperature 
of  a  perfect  gas, 

PV=lRt^ 
we  have  but  to  suitably  change  the  value  of  R,  say  to  R',  to  be 
able  to  write 

pi;=R'W', 
where  p  and  v  are  the  same  pressure  and  volume  as  before,  R'  a 
new  constant  and  W'  the  convertor  quantity  of  energy,  referred 
to  in  the  law  as  given  above,  and  which  we  have  stored  up  in  the 
mass  of  the  molecules  to  act  as  the  agent  or  instrument  for  the 
conversion  of  heat  into  work,  or  vice  versa, 

I  wish  to  emphasize  this  point : — the  engine  consists  of  mass 
and  energy,  the  mass  being  divided  into  two  portions,  viz.,  the  metal- 
lic parts  of  the  engine,  which  are  made  in  the  machine  shop,  and 
the  molecular  masses,  which  we  will  suppose  to  be  supplied  in  the 
physical  laboratory.  The  animal  is  not  perfect  without  life,  it  is 
not  an  animal  and  cannot  perform  the  functions  of  one,  and  so  it 
is  the  stored-up  energy,  which  is  the  real  agent  in  the  engine,  and 
without  which  the  engine  may  be  said  not  to  exist.^ 

>Bankine  states  somewhere  that  it  is  the  iifrorking  flnid  which  is  the  Amdamental  part 
of  the  engine,  but  I  think  that  in  this  Bankine  falls  behind  himself. 
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Let  as  now  see  what  is  Rankine's  last  and  most  general  state* 
ment,  in  whicli  he  generalizes  the  second  law.  ^^The  effect  of  the 
presence  in  a  substance  of  a  quantity  of  actual  energ}',  in  causing 
transformation  of  energy,  is  the  sum  of  the  effects  of  all  its  parts.'' 
Here  he  distinctly  places  energy  before  us  as  the  agent  for  the 
transformation  of  energy,  and  I  believe  that  nothing  btU  energy  can 
act  as  the  agents  and  that  the  general  law  underlying  all  such  trans- 
formations may  be  stated,  perhaps,  in  the  following  form : 

*  Every  conversion  of  energy  from  a  form  A  into  a  form  B  can  he 
effected  only  through  the  agency  of  a  quantity  of  energy  and  (I  ven- 
ture to  add)  this  agent ^  or  convertor  quantity^  must  possess  at  once 
the  characteristics  of  A  and  B. 

In  the  air-engine  the  agent  has  temperature  and  pressure,  re- 
spectively characteristic  of  heat  and  work;  in  the  dynamo  the 
field  is  characterized  by  both  electrical  and  mechanical  tension. 
In  fact,  this  seems  to  me  to  be  the  only  way  in  which  we  can  logi- 
cally conceive  of  such  a  transformation,  and  the  only  way  in  which 
observed  transformations  occur. 

Now,  our  agent  quantity  of  thermal  energy  must  act  without 
expense  of  energy  to  itself,  for  this  is  the  peculiarity  of  agents, 
that  they  always  make  themselves  safe  when  they  do  business  for 
others  ;  therefore  the  expansion  must  be  isothermal,  and  a  source 
of  heat  at  the  temperature  r-^dr  must  be  applied  to  the  conducting 
bottom,  so  that  the  gas  will  be  caused  to  expand  with  no  loss  of 
its  own  energy.  In  reality,  there  is  no  other  expansion  than  isother* 
malfor  the  conversion  of  heat  into  work;  as  to  adiabatic  expansion, 
it  is  never  used  for  that  purpose,  nor  can  it  be  ;  it  furnishes,  sim- 
pl}',  a  means  of  lowering  the  temperature  of  the  gas  if  the  engine 
is  made  to  run  in  a  cycle,  and  the  temperature  may  be  lowered 
equally  well  by  regenerator  plates,  the  only  difference  being  in  the 
form  in  which  the  energy  taken  away  fi*om  the  agent  is  stored  up. 
Adiabatic  expansion  does  not  take  heat  from  the  source  and  trans- 
form it  into  work,  and  the  only  expansion  that  does  is  isothermal ; 
and  in  any  mixed  expansion  it  is  only  the  isothermal  element  that 
is  of  any  value  for  this  purpose. 

Now,  the  gas,  in  expanding  from  the  volume  unity  to  the  volume 
v^  converts  a  quantity  of  heat  into  work,  and  this  quantity  will  be 
infinite  when  v  becomes  infinite.  Also,  for  any  given  change  of 
volume,  say  from  v  to  v',  the  amount  of  heat  changed  into  work 
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will  be  proportional  to  the  pressure,  that  is,  proportional  to  tlie 
agent  energy;  but  this  is  just  what  tlie  second  law  states,  and  the 
proof  is  therefore  seen  to  be  of  the  utmost  simplicity,  depending 
simply  on  tlie  mutual  proportionality  of  the  work  done,  the  pres- 
sure, the  temperature,  and  the  agent  energy,  or  total  actual  heat 
(as  Hankine  calls  it)  of  the  working  substance. 

Let  us  look  now  at  the  behavior  of  the  molecules ;  as  each  re- 
bounds from  the  hot  bottom  its  stock  of  agent  energy  receives 
into  itself  a  portion  of  the  heat  W,  which  is  to  be  changed  into 
work  ;  the  molecule  is  driven  away  with  increased  velocity  by  the 
hotter,  or  more  energetically  vibrating,  molecules  of  the  bottom 
and  carries  its  added  energy  to  the  piston,  and  gives  only  this  quan- 
tity up  in  the  form  of  work.  The  reason  that  it  gives  it  up  is 
simply  that,  if  the  piston  be  moving  up  with  the  velocity  V,  the 
molecule  will  rebound  with  a  velocity  reduced  by  2V.  As  the  vol- 
ume increases  the  pressure  falls,  on  account  of  the  diminished 
frequency  of  the  rebounds  per  unit  of  surface,  and  therefore  the 
conversion  of  heat  Into  work  must  proceed  more  slowly,  but  for 
any  and  all  particular  changes  of  volume  the  speed  of  conversion 
may  be  increased  to  any  degree  by  means  of  a  proportional  increase 
in  the  amount  of  the  agent.  It  is  interesting,  also,  to  notice  tlie 
thing  in  another  light ;  the  energy  has  to  be  carried  over  the  dis- 
tance from  the  hot  bottom  to  the  moving  piston,  which  distance 
increases  directly  with  the  increase  of  volume,  and  the  time  required 
to  carry  a  certain  amount  will  be  increased  as  this  distance  in- 
creases ;  the  way  to  secure  a  more  rapid  conveyance  throughout 
is  to  increase  the  speed  of  the  carrying  molecules,  i.  6.,  the  amount  of 
agent  energy.  Note  also  that  the  amount  carried  per  molecule 
will  be  at  the  same  time  increased. 

The  molecules  have  been  spoken  of  as  moving  directly  towai*d 
and  away  from  the  piston,  whereas  they  should  move  in  all  possible 
directions ;  it  is  well  known,  however,  that  this  involves  no  error 
in  the  result,  and  scarcely  one  in  the  conception. 

Let  us  see  now  whether  there  are  any  real  difficulties  in  Rankine*s 
statements.  To  undierstand  them  most  easily,  commence  with  his 
"General  Law  for  the  Transformation  of  Energy,'*  already  quoted, 
and  proceed  backward ;  we  come  first,  then,  to  a  graphical  rep- 
resentation of  the  second  law.  After  explaining  the  quantities 
in  his  diagram  and  stating  the  known  relations  between  them,  he 
requires  us  to  suppose  the  temperature  r,  to  be  divided  into  n  equal 
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parts.  Now,  we  can  divide  nothing  except  quantity  into  equal 
parts,  and  therefore  Bankine  regards  temperature  as  a  quantity, 
and  so  it  is.  We  have  only  to  remember  that  r  is  the  temperature 
of  the  agent,  and  therefore  r  is  the  amount  of  agent  energy  in  terms 
of  a  suitable  unit ;  in  fact,  the  statement  that  a  unit  mass  of  gas 
is  at  a  temperature  r  is  equivalent  to  saying  that  it  possesses  r 
units  of  thermal  energy,  the  unit  used  being  the  energy  required 
to  raise  this  amount  of  gas  one  degree  in  temperature. 

It  is  the  agent  energy,  then,  which  we  are  to  divide  by  n,  and 
we  are  afterward  told  that  the  parts  will  be  ^^  similar,  and  similarly 
circumstanced."  Let  us  suppose  a  molecule  heated  from  absolute 
zero  to  the  temperature  r,  by  adding  n  equal  increments  of  energy, 
these  increments  can  differ  only  in  the  order  in  which  they  may  be 
added,  and  once  added  this  distinction  vanishes,  and  they  become 
merged  into  the  quantity  of  energy  contained  by  the  molecule. 

On  the  scale  of  the  thermometer  the  degrees  all  have  their  places, 
and  the  last  degree  added  is  necessarily  the  first  one  subtracted ; 
but  no  similar  conception  can  be  applied  to  the  energy  of  the  mole- 
cule, and  we  can  imagine  no  connection  between  the  last  increment 
added  and  the  first  subtracted,  or  any  difference  whatever  between 
the  increments,  whose  sum  is  the  total  energy  of  the  molecule. 

^^  Similar  and  similarly  circumstanced"  means,  therefore,  simply 
devoid  of  absolute  and  relative  differences. 

In  this  graphical  treatment  Rankine  shows  isothermal  expansion, 
and  his  second  law  applies  essentially  to  this  expansion. 

Rankine's  next  statement  (proceeding  backward)  of  his  law  is 
the  second  one  criticised  by  Maxwell,  and  it  supposes  nothing  more 
than  the  division  of  temperature  already  discussed.  In  some  earlier 
editions  the  first  formula  under  the  statement  is  in  error  by  the 
omission  of  r ;  it  should  read 

d        ^  d 

as  it  stands  in  the  present  edition. 

We  next  come  to  a  seemingly  more  general  and  comprehensible 
statement  of  the  law  which  speaks  of  ^Hhe  total  actual  heat." 
Now  Rankine  has  defined  this  and  it  is  simply  the  kinetic  energy 
of  the  molecules,  or  that  portion  of  the  heat  furnished  to  cause  a 
rise  of  temperature  from  absolute  zero  to  r,  which  remains  in  the 
body  as  heat. 

Inasmuch  as  Rankine's  first  statement  of  his  law  seems  the  more 
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general,  insomuch  has  it  led,  as  I  believe,  to  a  false  comprehension 
of  its  meaning.  It  may  seem  more  general  in  this  nay :  In  the 
figure  letx  represent  mass,  and  01  a  nnit  of  mass  ;  also  let  j/ repre- 
sent temperature ;  then,  if  a  suitable  unit  of  temperature  has  been 
chosen,  Ibe  area  Ol&r  will  represent  the  heat  energy  contained  in 
the  nnit  mass  at  the  temperature  r.  Now  we  may  cut  this  energy 
into  n  equal  parts  by  means  of  equidistant  vertical  lines,  and  these 
lines  will  cut  the  mass  also  into  n  equal  parts ;  in  this  case  it  re- 
quires no  scientifio  imagination  to  see  that  the  effect  of  the  heat 
belonging  to  any  one  of  the  increments  of  mass  must  be  the  same 
as  that  belonging  to  aoy  other,  and  that  the  heat  of  one  increment 
is  similar  to  that  of  another  though  not  quite  similarly  circum- 
stanced, because  the  increments  of  mass  have  different  positions 
In  space. 


Such  a  method  of  dividing  the  total  actual  heat  is  altogetlier  too 
simple  for  the  uae  to  be  made  of  it,  and  no  such  statement  can  pass 
for  a  law  of  thermodynamics ;  it  ts  simply  the  law  of  homogene- 
oosness.  If  the  mass  of  a  homogeneous  body  be  divided  into  n 
equal  parts,  then  the  effects  of  these  parts  are  the  same  in  mak- 
ing up  the  total  weight,  value,  density,  etc.,  etc.,  of  the  body. 

Ran kine  leads  up  to  his  statement  in  an  unfortunate  way,  perhaps, 
in  emphasizing  the  fact  that  every  particle  is  equally  hot  without 
telling  why  ;  of  course  every  particle  must  be  so,  or  we  could  not 
speak  of  the  body  as  having  a  tempeiature  r,  and  the  right  Hue  rb 
in  the  figure  would  disappear  ;  tbis  would  interfere  with  tbe  argu- 
ment, which  depends  essentially  upon  our  dividing  a  temperature 
r  into  equal  parts. 

Rankine  intends  no  such  vertical  subdivision  ;  ho  says,  in  fact, 
"Let  unity  of  weigLt,"  and  we  may  take  a  differential  unit,  and  sa 
put  such  a  division  out  of  the  question.    The  division  intended  was 
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by  horizontal  lines,  and  this  makes  the  first  statement  of  the  law 
identical  with  the  second,  only  in  the  one  he  says  ''total  actual 
heat,"  and  in  the  other  ''temperature/*  He  commences  by  saying 
"heat,"  because  heat  is  energy  and  is  the  real  thing  he  refers  to, 
and  he  changes  to  "temperature,"  because  that  is  the  practical  way 
of  measuring  the  amount  of  this  energy,  being  proportional  to  it. 

I  believe,  then,  that  this  is  the  one  and  only  second  law,  and  it 
follows  that  because  our  agent  is  a  quantity  of  energy,  which  resides 
only  in  mass,  and  because  different  substances  do  not  differ  in  mass 
—  that  being  a  common  or  fundamental  property  of  all  substances — 
therefore,  the  particular  working  substance  used  has  no  effect  upon 
the  result. 

To  further  illustrate  the  division  into  equal  parts, which  Rankine 
intends,  let  us  consider  the  pressure  produced  by  a  mass  under  the 
action  of  gravity. 

The  rectangle  Olbr  will  represent  this  pressure  for  a  unit  of 
mass  if 'we  lay  off  the  acceleration  of  gravity  on  O  Y  so  that  t=  g. 
We  shall  have  the  same  two  possible  divisions  as  before ;  that  by 
vertical  lines  will  correspond  with  the  fact  that  each  equal  element 
of  mass  contributes  its  own  equal  share  of  the  pressure,  while  for 
the  horizontal  division  we  must  regard  the  force  of  gravity  as  made 
up  of  equal  increments,  each  of  which  takes  equal  part  in  produc- 
ing it.  Now,  it  is  a  matter  of  no  consequence  whether  we  say 
"divide  the  acceleration  g  into  n  equal  parts"  or,  "divide  the  force 
gm;**  in  the  one  case  each  increment  will  be  represented  by  a  por- 
tion of  the  line  OY  and  will  correspond  to  an  increment  of  tem- 
perature, in  the  other  each  will  be  represented  by  a  horizontal  band 


„ 


P 

r 


of  the  area  Olbr  and  will  correspond  to  an  increment  of  total 
actual  heat.  There  ma}-^  be  more  difficulty  in  conceiving  of  a  di- 
vision of  the  temperature  or  of  the  acceleration  into  equal  parts. 
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than  of  a  division  of  the  energy  or  of  the  force,  or  weight,  bat  this 
difficulty  lies  in  conceiving  of  either  acceleration  or  temperature  as 
a  quantUy  and  not  in  the  division  of  that  quantity ;  both,  however, 
must  be  so  conceived  of  before  a  mathematical  or  other  exact  treat- 
ment of  them  can  be  made.  If  we  conceive  of  a  force  or  weight* 
P,  as  applied  at  a  particular  point  (let  it  be  attached,  say,  to  the 
geometrical  line  rq)  without  our  knowing  the  acceleration  of  gravity 
or  the  mass,  but  only  their  product  P,  then,  while  both  divisions 
of  P  into  equal  parts  are  still  possible,  that  into  horizontal  bands 
would  seem  to  be  the  most  natural;  any  variation  in  P  would 
usually,  I  think,  be  considered  as  resulting  from  a  change  in  the 
acceleration,  in  which  change  each  equal  part  will  have  the  same 
effect  in  producing  the  pressure  P,  and  they  will  all  be  similar 
and  similarly  circumstanced. 

If  the  camel's  back  does  break,  it  is  the  first  hair  as  much  as  the 
last  that  does  it — this  illustration,  however,  corresponds  to  the 
vertical  subdivision,  and  we  must  suppose  the  fully-loaded  camel 
to  move  through  space  in  such  a  direction  that  gravity  shall  con- 
tinually increase,  in  which  case  it  will  be  the  first  increment  of  g 
as  much  as  the  last,  which  will  tend  to  break  his  back. 

Let  us  look  again  at  the  efficiency  formula,  which  flows  directly 
from  Rankine's  law  in  a  simple  and  evident  manner.  Our  infinite- 
cylinder  engine  needs  no  «uch  formula,  for  it  works  at  a  temper- 
ature r  and  not  between  two  temperatures  r  and  r  ;  it  also  transforms 
permanently  all  the  heat  into  work.  Mechanical  considerations, 
however,  require  us  to  forego  infinite  cylinders  and  to  build  engines 
that  run  in  cycles,  and  for  these  this  formula  is  needed.  Every 
engine  running  in  a  cycle  is  a  double  engine  and  consists  of  an 
engine  proper  and  a  compressor.  When  the  piston  has  risen  as 
far  as  the  practical  height  of  the  cylinder  admits,  during  which 
rise  it  has  converted  all  the  heat  used  into  work,  some  method 
must  be  taken  to  repeat  the  process  with  the  same  engine.  The 
engine  is  therefore  used  as  a  compressor  for  re-compressing  the 
gas,  during  which  operation  all  the  work  done  on  the  gas  is  trans- 
formed into  heat,  and  we  have  only  to  cool  it  before  compression 
by  adiabatic  expansion  or  a  regenerator,  in  order  to  get  it  back  again 
to  its  original  density  and  have  left  a  margin  of  heat  permanently 
transformed  into  work,  in  accordance  with  the  efficiency  formula. 
It  should  be  remarked  that  no  special  reference  has  been  made 
in  this  address  to  anything  but  a  perfect-gas  engine  because  the 
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theory  of  the  action  of  such  an  ideal  gas  should  be  perfectly  clear 
before  the  more  complicated  action  of  real  sabstances,  especially 
liqaids  and  solids,  is  considered ;  Bankine's  law,  however,  oovei's 
all  such  cases,  and  his  definitions  and  formul»  are  framed  to  in- 
clude them. 

Many  other  points  have  necessarily  been  left  untouched,  but  if 
I  have  made  dearer  how  heat,  and  therefore  temperature,  may  be 
Bupposed  to  consist  of  a  number  of  equal  parts,  and  how  these 
parts  cannot  differ  in  their  situation  or  action,  and  convinced  you 
that  Rankine's  is  the  real  and  only  second  law  of  thermodynamics, 
my  object  will  have  been  accomplished. 


PAPEES   READ. 


Strength  of  stat-bolts  in  boilees.    By  L.  S.  Randolph,  Sus- 
qaehanna,  Fa. 

TABSTRACT.] 

A  LARGE  number  of  stay-bolts  were  foand  to  be  broken  in  some 
locomotive  boilers  which  had  been  in  service  about  six  years. 
The  fracture  was  invariably  close  to  the  surface  of  the  shell  of  the 
boiler  which  was  one-eighth  of  an  inch  thicker  than  the  firebox 
sheets. 

The  fracture  was  square  across,  following  the  bottom  of  the 
thread  and  seemed  to  start  there. 

With  a  difference  of  200''  in  the  temperature  of  the  firebox 
sheet  and  shell,  an  expansion  of  about  one-eighth  of  an  inch,  in 
a  firebox  ten  feet  long,  would  occur.  To  test  the  effect  of  this 
motion  a  stay-bolt,  fitted  up  just  as  in  a  boiler,  was  secured  in  a 
shaping  machine  and  one  end  given  a  vibratory  motion  of  one- 
eighth  of  an  inch. 

Common  iron  stood  from  1,000  to  8,000  revolutions,  ordinary 
stay-bolts  from  3,000  to  6,000,  best  stay-bolt  iron  from  6,000  to 
12,000.  With  one-sixteenth  of  an  inch  motion,  common  iron 
stood  30,000  vibrations  without  sign  of  fracture. 

The  writer  concludes  from  the  above  experiments  that  any  fur- 
ther increase  in  length  of  firebox  will  have  to  be  met  either  by  an 
increase  in  breadth  of  water  spac  or  some  other  device  by  which 
the  bending  of  the  bolt  may  be  lessened. 

The  fractured  end  of  the  stay-bolts  broken  upon  the  shaping 
machine  was  very  curious ;  the  neutral  axis  being  marked  by  a 
dark  band  about  one-sixteenth  of  an  inch  broad  in  a  seven-eighths 
of  an  inch  bolt,  the  metal  on  either  side  being  granular  to  crys- 
talline. 

From  the  above  experiments,  the  following  test  for  stay-bolt 

iron  was  devised :  one  end  of  the  rod  to  be  tested  was  fastened  in 

a  vise  and  a  piece  of  pipe  slipped  over  the  other  end  to  within  six 

incheli  of  the  vise.    The  iron  was  then  bent  until  the  portion 

in  the  pipe  was  at  right  angles  to  that  in  the  vise  and  then  bent 

back  to  its  original  position,  the  bending  being  repeated  until  the 

metal  broke. 

(166) 
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The  use  and  talus  of  accurate  standards  for  surveyors' 
CHAINS.  By  Stephen  S.  Haight,  C.  E.,  West  Farms,  New 
York,  N.  Y. 

[ABSTRACT.] 

This  paper  was  devoted  to  a  description  of  the  standard  of 
measarement  used  by  the  Department  of  Public  Parks  of  New 
York  City,  and  the  method  of  adjusting  steel  measuring  tapes  to 
this  standard. 

This  standard  consists  of  two  stone  monuments  covered  by 
metal  plates,  and  set  in  the  earth  beneath  a  building,  at  a  distance 
of  fifty  feet  between  points  on  the  plates.  Openings  in  the  floor 
of  the  building  afford  facilities  for  transmitting  the  standard  by 
means  of  plumb  bobs  to  the  chain  or  tape,  suspended  as  when 
used  above  the  floor. 

The  tape  is  provided  with  a  level  and  spring  balance  and  is 
intended  to  be  used  at  a  tension  of  eight  pounds  ;  a  set  screw  and 
thermometer  at  one  end  serve  to  adjust  the  length  of  the  tape  to 
the  temperature  at  time  of  using.  Distances  of  less  than  twenty 
feet  are  measured  by  means  of  a  graduated  steel  tape. 


The  lathe  as  an  instrument  of  precision.    By  Prof.  J.  Bur- 
KiTT  Webb,  Stevens  Institute  of  Technology,  Hoboken,  N.  J. 

IAB8TRACT.] 

The  lathe,  taken  for  itself  or  as  the  representative  machine 
tool,  may  be  regarded  in  two  entirely  different  lights,  either  as  a 
more  or  less  rough  machine  for  the  removal  of  material,  or  as  an 
instrument  of  precision.  In  the  development  of  man  as  a  mech- 
anician, we  regard  him  as  at  first  a  more  or  less  brute  animal  pos- 
sessed of  great  bodily  strength  and  engaged  in  the  exertion  of 
that  strength  in  various  rude,  inaccurate  and  also  uneconomical 
ways.  The  civilized  mechanician  of  to-day  is,  however,  an  intel- 
lectual being  who  guides  the  forces  of  nature  to  do  his  work, 
and  aims  at  a  degree  of  accuracy  and  precision  in  the  same,  im- 
possible in  former  years.  As  the  man  is  so  are  his  tools ;  the 
lathe,  which  was  formerly  chiefly  employed  in  its  brute  capacity, 
has  now  (owing  to  the  efforts  of  astronomers  as  well  as  mechani- 
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cians)  attained  the  rank  of  an  instrument  of  precision.  The 
object  is  no  longer  simply  to  remove  material,  but  it  must  be  done 
with  a  high  degree  of  accuracy. 

Regarding  the  lathe  as  such,  we  venture  the  following  proposi- 
tion : 

All  good  lathes  aJtould  be  tested  as  instruments  of  precision^  and 
by  much  the  sam^  methods  as  are  employed  with  other  instruments 
of  precision,  and  the  degree  of  accuracy  should  be  either  guaranteed 
or  exhibited  to  the  purchaser  by  means  of  suitable  instruments. 

But  one  illustration  will  be  given  of  the  numerous  applications 
of  the  above :  The  axis  of  the  spindle  of  a  lathe  should  be  par- 
allel to  the  ways.  This  may  be  tested  essentially  as  follows : 
Upon  the  face  plate  fasten  a  small  disc  of  metal  or  other  substance 
and  scribe  upon  it  a  circle  by  fastening  the  scribe  permanently  to 
the  tool  post  and  revolving  the  spindle  by  hand.  Then  fasten 
to  the  face  plate  a  frame  consisting  of  three  or  four  stiff  wooden 
rods  of  equal  length,  meeting  in  a  vertex  as  far  from  the  face 
plate  as  the  length  of  the  ways  makes  suitable,  and  having  their 
other  ends  attached  to  the  face  plate  at  points  equidistant  on  its 
circumference  ;  the  vertex  of  this  frame  will  then  be  in  the  axis 
of  the  spindle  produced,  and  it  should  be  faced  off  parallel  to  the 
face  plate.  Now  remove  the  disc  from  the  latter  and  mount  it  up 
on  the  end  thus  faced  off,  so  as  to  have  the  scribed  circle  run 
nearly  true,  and  run  the  carriage  up  to  it,  so  as  to  scribe  another 
circle  upon  it.  If  the  spindle  is  in  line  with  the  ways  the  two 
circles  will  be  of  the  same  size,  but  if  there  be  a  difference  of  size 
it  may  be  seen,  and  can  be  measured  under  the  microscope ;  the 
difference  in  radius  will  be  the  amount  the  spindle  is  out  in  the  dis- 
tance between  the  two  positions  of  the  disc  and  in  the  direction  of 
the  radius  joining  the  scribe  with  the  axis.  This  test  should  there- 
fore be  made  twice ;  once  with  the  scribe  on  the  same  level,  and 
once  with  it  directly  below  the  axis.  By  a  variation  of  this  method, 
after  a  preliminary  scribing, of  the  circle  upon  the  disc,  the  micro- 
scope may  be  attached  directly  to  the  carriage  and  measurements 
made  of  the  circle  in  the  two  positions,  leading  to  the  same  result 
without  scribing  a  second  circle. 
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ECONOMT  OF   ACCURATE  STANDARDS.      By  Prof.  J.   BURKITT  WeBB, 

Stevens  Institute  of  Technology,  Hoboken,  N.  J. 

[ABSTRACT.] 

The  economy  of  accarate  standards  in  the  machine  shop  will  be 
apparent  to  all  who  sufficiently  examine  the  subject ;  let  us  look 
at  it  in  connection  with  commercial  bolts  and  nuts,  machine 
screws,  etc. 

As  long  as  bolts  and  nuts  are  made  in  the  same  shop,  there  may 
be  no  special  difficulty  in  securing  serviceable  fits,  but  when 
screws,  nuts,  dies  and  taps  are  manufactured  by  the  quantity  and 
put  upon  the  market  by  a  variety  of  firms  it  becomes  a  question  of 
making  such  allowances  in  the  dimensions  as  shall  insure  the  easy 
entrance  of  a  screw  into  a  nut  or  hole  tapped  to  the  corresponding 
nominal  size  and  thread.  In  other  words  all  screws  must  be  made 
too  small  and  all  nuts  too  large,  by  a  quantity  covering  the  errors 
incident  to  rapid  and  cheap  production.  The  size  of  these  errors 
depends  largely  upon  the  accuracy  of  the  standard  rules,  screws 
and  gauges  employed,  and  it  becomes  a  question  of  comparing 
the  cost  of  standards  of  the  highest  accuracy  with  the  increased 
value  of  the  screws  and  nuts  resulting  from  their  use.  Great  im- 
provements have  been  made  in  this  respect,  but  an  examination, 
especially  of  the  machine  screws  and  taps  ib  the  market,  will  con- 
vince any  one  that  more  is  needed. 

A  screw  is  reduced  in  value  in  many  ways  by  being  poorly  fitted 
to  its  nut : 

I.  The  reduction  in  diameter  necessary  to  insure  a  fit  weakens 
the  bolt. 

II.  This  same  reduction  may  seriously  reduce  the  effective 
depth  of  the  thread  and  therefore  necessitate  a  coarser  pitch, 
thus  further  weakening  the  bolt.  In  fact,  as  experiment  will 
show,  the  strength  of  small  bolts  and  machine  screws  might  be 
largely  increased  by  using  ^ncr  pitches. 

III.  Reduction  of  effective  depth  of  thread  is  a  loss  of  wearing 
surface,  which  is  important  where  the  bolt  is  much  used  or  sus- 
tains a  heavy  pressure. 

IV.  It  leaves  the  threads  partly  open,  so  that  grit  and  water 
may  enter  and  cause  wear  and  rust. 

So  much  for  the  reduction  in  diameter,  but  further : 
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y.  A  slight  difference  in  pitch  caused  by  making  male  and 
female  threads  in  different  lathes,  or  even  in  the  same  lathe  with 
a  leading  screw  or  multiplying  gearing  of  poor  construction,  will 
cause  the  contact  between  the  threads  to  occur  at  one  end  or  other 
of  the  nut,  while  for  the  remaining  distance  there  is  no  contact. 
With  long  nuts  this  may  be  a  serious  difficulty ;  when  the  nut  is 
short,  however,  the  metal  may  wear  or  yield  until  a  sufficient  con- 
tact is  obtained. 

YI.  Errors  in  the  angle  and,  generally,  in  the  shape  of  the 
thread,  also  reduce  the  wearing  surface  and  m$iy  cause  undue 
pressure  or  even  a  jamming  together  of  the  threads. 

An  improvement  in  small  bolts  and  machine  screws  is  impera- 
tively needed ;  they  should  in  general  be  cut  to  finer  pitches  and 
better  fits. 


Experiments  upon  the  coefficient  of  efflux  of  automatic 
SPRINKLERS.    By  G.  J.  H.  WooDBURT,  Bostou,  Mass. 

[ABSTRACT.] 

The  discharge  from  seventeen  of  the  principal  forms  of  auto- 
matic sprinklers  was  carefully  measured  at  pressures  varying  from 
3  to  140  pounds  to  the  square  inch,  for  the  purpose  of  determin- 
ing the  proper  sizes  of  pipes  necessary  to  supply  such  apparatus 
in  the  protection  of  buildings  against  fire. 

The  results  conformed  to  this  equation  : 

Q  =  6.075  ^  a  Vp- 

Q  =:  discharge  in  cubic  feet  per  minute. 

fp  z=z  coefficient  of  efflux. 

a  =:  area  of  orifice  of  sprinklers  in  square  incites. 

p  =  water  pressure  in  pounds  per  square  inch. 

The  coefficient  of  efflux  ^  was  found  to  be  a  constant  quantity 
throughout  the  range  of  the  experiments. 

These  constants  and  measurements  were  as  follows  for  the 
sprinklers  tested : 
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SECTION  I>. 

Area  of 

Coeflacient 

Coefficient 

orifice. 

of 

dis- 

Kind of  Sprinkler. 

sq.  in. 

efflux. 

charge 

a. 

f. 

5.075  a  if. 

Parmelee, 

.1760 

.5356 

.4784 

Grinnell, 

.1963 

.5576 

.5555 

Brown's  Standard, 

.2517 

.4810 

.6144 

Brown's  Sensitive, 

.2945 

.4616 

.6899 

Walworth, 

.1963 

.7692 

.7663 

Bishop's  Upright, 

.3550 

.4088 

.7365 

Bishop's  Spring  Deflector, 

.2769 

.6968 

.9722 

Bishop's  Valve  Deflector, 

.2485 

.7531 

.9498 

Burritt's  Rose, 

.2580 

.4791 

.6273 

Burritt's  Open  Base, 

.9780 

.1717 

.8531 

Burritt's  Sensitive, 

.1503 

.8295 

.6327 

Harris  deflector. 

.1963 

.7325 

.7298 

Harris  closed. 

.1428 

.7130 

.5167 

Whiting, 

.1840 

.5777 

.5395  . 

Heath, 

.2200 

.5224 

.5832 

Kane, 

.1665 

.7297 

.6166 

Ruthenburg, 

.3068 

.4805 

.7482 

These  results  were  applied  to  a  determination  of  the  sizes  of 
pipes  for  a  sprinkler  system  dependent  on  a  tank  of  water  for  the 
first  supply  until  the  fire  pumps  could  be  put  in  operation,  giving 
a  discharge  of  one  cubic  foot  per  minute  from  each  sprinkler  and 
allowing  throughout  the  system  a  loss  of  head,  as.  near  as  prac- 
ticable, of  thirty  per  cent. 


Diam.  of  Pipe. 

No.  of  Sprinklers. 

Loss 

by  Friction. 
Feet. 

f 

1 

1.31 

1 

3 

2.64 

n 

6 

2.34 

li 

10 

2.7 

2 

18 

2.8 

2^ 

28 

2.6 

3 

46 

2.9 

3^ 

78 

3.1 

4 

115 

4.1 
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Electric  light  tests.    By  Frank  C.  Wagner,  Ann  Arbor,  Mich. 

The  following  tests  were  made  with  a  view  to  determining  the 
actnal  economy  of  the  two  electric  light  plants  examined.  The 
work  includes  tests  of  the  boiler,  engine  and  dynamo  of  each  plant. 
Great  care  was  taken  to  make  the  measurements  accurate.  The 
steam  gauges,  thermometers  and  barometer  were  compared  with 
standard  instruments  belonging  to  the  Universit}'  of  Michigan, 
and  their  readings  corrected.  The  springs  of  ihe  Thompson  indi- 
cator used  were  tested  by  a  device  of  Prof.  M.  E.  Cooley's.^ 

The  electric  current  was  usually  measured  by  a  dynamometer  of 
the  Siemen's  pattern  constructed  by  the  writer.  The  constant  of 
this  instrument  was  carefully  determined  by  comparison  with  a 
galvanometer  which  had  previously  been  standardized  by  means 
of  silver  and  water  voltameters.  In  one  instance  a  Deprez  am- 
peremeter w^s  used.  To  measure  electromotive  force,  the  high 
resistance  coil  of  a  Bradley  galvanometer  was  used  in  circuit  with 
an  external  resistance  of  22600  ohms.  To  determine  the  constant 
of  the  Bradley  at  the  time  and  place  of  making  the  observations, 
the  following  method  was  used.  A  single-fluid,  bichromate  bat- 
tery cell  was  taken  along,  and  at  intervals  during  the  progress  of 
the  test,  the  deflections  produced  by  it  in  the  galvanometer  with 
certain  known  resistances  in  circuit  were  noted.  The  instruments 
were  then  taken  to  the  physical  laboratory  of  the  University  of 
Michigan,  and  the  deflections  through  the  same  resistances  with 
the  same  cell  were  again  noted.  The  inverse  ratio  of  the  tangents 
of  the  deflections  in  the  two  cases  gives  the  ratio  of  the  constants. 
At  the  same  time  the  true  constant  of  the  instrument  was  deter- 
mined, by  means  of  a  freshly  set  up  Daniell  of  known  electromo- 
tive force. 

The  dynamo  of  the  Edison  plant  was  a  200-1  ight  machine  belted 
directly  to  the  driving  pulley  of  the  engine.  There  were  165 
lamps  on  the  circuit,  which  were  turned  oflf  and  on  at  the  conven- 
ience of  the  persons  using  them.  The  current  was  divided  between 
two  main  circuits ;  one,  formed  by  a  single  00  wire,  supplying  the 
lights  which  were  nearest  to  the  station,  the  other,  formed  by  two 
00  wires,  supplying  the  more  remote  lights.  Two  diflferent  boil- 
ers of  the  horizontal  tubular  type  were  in  use  at  different  times. 

>  For  a  description  of  this  device,  see  page  163  of  these  Proceedings. 
A.  A.  A.  S.,  VOL.   XXXIV.  11 
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The  engine  was  a  horizontal  engine  of  an  old  type  with  a  ball  gov- 
ernor and  throttle  valve,  making  about  210  revolutions  per  minute. 
Priming  tests  were  made,  showing  that  the  steam  contained  on 
an  average  5.6  per  cent  of  moisture.  The  friction  of  the  engine 
was  determined  by  the  use  of  a  Prony  brake,  and  found  to  be  12.2 
per  cent.  A  complete  test  was  made  of  each  boiler  with  the  en- 
gine, the  usual  precautions  being  taken  to  ensure  accuracy.  The 
following  are  the  mean  results  of  the  two  trials : — 

Pounds    of    water    evaporated     per    pound    of  coal 

under  actual  conditions, 6.417 

Equivalent  evaporation  from  and  at  212^,         .  .  7.301 

Pounds  of  water  per.  I.  H.  P.  per  hr.,     .         .  .  79.05 

"      "      "         ''  net  H.  P.  "     "      .         .  .  90.1 

»'      "    coal      "    I.    H.  P.    "    "      .         .  .  12.36 

"      "     ''          "  net  H.  P.    "    "      .         .  .  13.83 

After  a  number  of  trials  to  determine  the  method  to  be  employed, 
and  to  discover  and  eliminate  sources  of  error,  the  electrical  test 
was  made  as  follows.  A  coil  of  00  copper  wire  containing  about 
195  ft.  was  spread  out  on  the  floor  so  that  the  successive  spires 
did  not  touch  one  another.  The  ends  of  the  coil  were  connected 
to  the  posts  of  tlie  dynamo  between  which  the  switch  is  situated, 
so  that  when  the  switch  was  out  the  current  passed  through  this 
coil.  Near  the  ends  of  the  coil  were  soldered  two  leads  which  ran 
to  the  terminals  of  the  electrodynaraometer.  Thus  the  coil  of  00 
wire  formed  a  shunt  for  the  dynamometer,  enabling  it  to  be  re- 
versed  or  cut  out  by  means  of  a  commutator  without  affecting 
the  main  circuit.  The  resistance  of  the  electrodvnamometer,  com- 
mutator,  and  connecting  wires,  connected  up  as  when  in  use,  was 
determined  accurately  by  the  use  of  Wheatstone's  Bridge..  The 
distance  between  the  leads  along  the  coil  was  found  and  the  re- 
sistance of  this  portion  of  the  wire  computed.  Knowing  these 
two  resistances,  the  value  of  the  shunt  is  easily  found.  The  varia- 
tion of  the  contact  resistance  of  the  commutator  was  the  chief 
source  of  error  here.  The  greatest  observed  vai'iation  from  the 
mean  in  any  double  throw  of  the  commutator  would  produce  a  var- 
iation of  five  per  cent  in  the  shunt  multiplier. 

For  the  measurement  of  electromotive  force,  connections  were 
made  with  the  line  wires  just  where  they  left  the  d3*namo.  The 
connecting  wires  were  led  off  into  another  room  at  a  distance  of 
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about  40  ft.  from  the  dynamo,  where  all  the  observations  for  the 
measurement  of  electromotive  force  were  made.  Readings  of  the 
dynamometer  and  galvanometer  were  taken  every  fifteen  minutes, 
as  were  also  the  steam  pressure,  number  of  revolutions  and  indi* 
cator  cards.  The  following  are  the  results  of  the  test.  By  elect- 
rical efficiency  is  meant  the  efficiency  of  the  dynamo  in  converting 
mechanical  into  electrical  work.  It  includes  the  friction  of  the 
armature  bearings  and  of  the  belt  transmitting  the  power  from  the 
driving  pulley  of  the  engine.  By  commercial  efficiency  is  meant 
the  ratio  of  the  available  electrical  work  to  the  mechanical  work 
given  off  by  the  driving  pulley  of  the  engine.  It  includes  both  the 
energy  expended  in  the  lamps  and  that  wasted  in  heating  the  con- 
ductors external  to  the  dynamo. 

Mean  number  of  lamps  in  actual  use,       .         135. 
Mean  total  electromotive  force         .         .         101.1  volts. 
Mean  electromotive  force  at  poles  of  dynamo,  95.93  volts. 
.Mean  total  current,  .         .         .         .         90.77  amperes. 

Mean  current  in  electromagnets,      .         .  2.31  amperes. 

Mean  electrical  efficiency  of  the  dynamo,  84.21  per  cent. 

Meancommercialefficiencyof  the  dynamo,       78.42  percent. 
Pounds  of  coal  per  net  electrical  H.  P.  per  hr.,  17.63 
Number  of  lamps  per  net  electrical  H.  P.,       11.86 
Number  of  lamps  per  indicated  horse  power,      8.17 

In  the  Van  Depoele  electric  light  plant,  two  dynamos  were 
used,  the  smaller  one  generating  the  current  for  the  field  magnets 
of  the  larger.  Thirty-three  arc  lights  were  included  in  the  circuit 
of  the  larger  dynamo.  These  were  kept  running  steadily  through 
most  of  the  evening,  a  few  being  turned  off  toward  the  close.  The 
line  was  formed  by  about  1.3  miles  of  No.  7  B.  W.  G.  copper 
wire.  The  dynamos  were  belted  directly  to  the  two  driving  pul- 
leys of  the  engine.  The  boiler  was  of  the  ordinar}'^  horizontal 
tubular  type.  The  engine  was  a  new  Ball,  automatic  cut-off,  high 
speed  engine.  By  means  of  priming  tests  the  steam  was  found  to 
contain  1.01  per  cent  of  moisture.  The  friction  of  the  engine  was 
found  to  be,  for  the  load  used,  17.1  percent.  A  complete  boiler 
and  engine  test  gave  the  following  results : — 
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Pounds  of  water  evaporated  per  lb.  of  coal  under  actual 

conditions, 5.898 

Equivalent  evaporation  from  and  at  212'',        .         .  6.287 

Pounds  of  water  per  I.  H.  P.  per  hr.,     .        .         .  87.9 

*'      "       "       "  net  H.  P.  "   "         .         .         .  45.75 

"      "    coal    "    I.  H.  P.    "   '*         .         .         .  6.43 

"      "     "       *»  net  H.  P.   "   "         .         .         .  7.75 

Two  electrical  tests  were  made  of  this  dynamo.  Tlie  manner 
of  making  the  test  was  as  follows.  Tiie  entire  main  current  was 
sent  through  the  electrodynamometer,  which  could  be  reversed  or 
switched  out  of  circuit  at  will.  The  current  of  the  exciting  d^'- 
namo  was  measured  by  the  ampere  meter.  To  find  the  mean  resist- 
ance of  a  lamp  the  electromotive  force  of  two  lamps  was  measured 
at  the  same  time  that  the  current  measurements  were  made.  By 
Ohm*s  law  we  have  the  resistance  equal  to  E  C.  In  the  second 
test  complete  measurements  were  made.  In  the  first  test  the 
measurements  of  electromotive  force,  and  of  the  current  in  the  ex- 
citing circuit  were  omitted.  In  the  calculation  the  resistance  of 
the  lamps  and  the  energy  of  the  exciting  circuit  are  assumed  to  be 
the  same  as  in  the  second  test.  The  energy  of  the  exciting  cir- 
cuit was  calculated  by  the  formula,  W=  C^  R.  For  the  main  cir- 
cuit the  mean  resistance  of  one  lamp,  found  to  be  3.055  ohms,  was 
multiplied  by  the  number  of  lamps  (33  in  the  first  test  and  32  in 
the  second)  ;  and  to  this  was  added  the  resistance  of  the  armature 
and  line  wire.  Several  attempts  were  made  to  measure  the  resist- 
ance of  the  line  wire  directly ;  but  it  was  found  that  the  line  cir- 
cuit included  a  resistance  which  varied  with  the  electromotive  force 
used.  The  resistance  was,  therefore,  calculated  from  the  length 
and  diameter  of  the  wire.  It  is  well  to  note  that  if  the  resistance 
were  greater  than  it  was  assumed  to  be  (it  cannot  be  less),  both 
the  electrical  and  commercial  efldciencies  would  be  increased.  The 
following  are  the  results  of  the  two  tests.  The  electrical  and 
commercial  efficiencies  were  calculated  in  the  same  way  as  in  the 
Edison  test. 

First  Test. 

Mean  total  electromotive  force  (calculated),  1290  volts. 

Mean  current  in  main  circuit,  .         .  11.88  amperes. 

Mean  electrical  eflSciency  of  the  dynamo,  91.67  per  cent. 

Mean  commercial  efficiency  of  the  dynamo,  80.29  per  cent. 
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Second  Test. 

Mean  total  electromotive  force  (calculated),      1169  volts. 

Mean  current  in  main  circuit,       .         .         .  11.08  amperes. 
Mean  current  in  exciting  circuit,          .         .       7.94  amperes. 
Mean  no.  of  revolutions  of -larger  dynamo,   .       818. 
Mean  no.  of  revolutions  of  smaller  dynamo,  .      1436. 
Mean  electrical  energy  in  exciting  circuit,    .      1.67  H.  P. 

Mean  total  electrical  energy,       .         .         .  19.04  H.  P. 

Mean  electrical  efficiency  of  the  dynamo,     .  93.94  per  cent. 

Mean  commercial  efficiency  of  the  dynamo,  .  81.11  per  cent. 
Pounds  of  coal  per  net  electrical  H.  P.  per  br.,    9.56 
Number  of  lamps  per  net  electrical  H.  P.,  1.95 

Number  of  lamps  per  indicated  horse  power,      1.31 

I  desire  to  express  my  obligations  in  making  this  test  to  Profs. 
M.  E.  Cooley  and  C.  K.  Wead  for  advice  and  assistance,  to  Prof. 
M.  E.  Cooley  and  Messrs.  G.  M.  Ames,  E.  D.  Clary,  and  A.  E. 
Kastl  for  making  the  boiler  and  engine  tests,  and  to  Mr.  C.  H. 
Lane  for  valuable  aid  in  making  the  electrical  test.  I  am  also 
under  obligations  to  Mr.  C.  B.  Davison,  engineer  in  charge  of  the 
Edison  station,  and  to  Messrs.  Stevens  and  Bell  of  the  Van 
Depoele  station  for  many  favors  shown  during  the  progress  of  the 
test. 


A  NEW   DEVICE  FOR  TESTING   INDICATOR  SPRINGS.      By  Prof.    M.    E. 

Cooley,  University  of  Michigan,  Ann  Arbor,  Mich. 

[ABSTRACT.] 

The  simple  piece  of  apparatus  illustrated  was  devised  by  the 
author,  and  used  in  the  Mechanical  Laboratory  of  the  University 
of  Michigan  the  past  year  with  great  satisfaction.  It  is  easily 
made,  conveniently  applied,  accurate,  and  applicable  to  all  kinds 
of  steam  indicators  in  the  position  and  under  the  circumstances  of 
actual  use. 

The  frame  A  B  has  a  sliding  top,  T,  guided  by  corner  posts, 
held  up  by  springs,  s,  and  raised  and  lowered  by  the  nuts  N.  The 
indicator  cock  screws  into  a  hole  in  T.  An  ordinary  grocery 
scale,  previously  tested,  is  placed  with  the  point  6,  directly  under 
the  hole  in  T.  A  rod,  R^  with  rounded  ends,  rests  with  one  end 
on  h  held  loosely  in  place  by  a  block  of  wood  with  a  hole  in  it ;  the 
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other  end  of  the  rod  bears  against  a  piece  of  wood,  with  a  concave 
depression  in  it,  in  the  hollow  of  the  indicator  piston.  The  scale 
is  balanced  with  the  rodMn  position  by  means  of  weights  on  the 
platform.  Then  the  indicator  with  the  spring  to  be  tested  is 
screwed  in  place,  care  being  taken  to  adjust  thp  rod  in  a  central 
position.    A  card  is  placed  on  the  drum,  the  atmospheric  line 


drawn,  and  the  weights  for  any  desired  pressure  are  then  placed 
on  the  beam,  the  nuts,  N^  being  screwed  down  until  the  end  of  the 
beam  comes  to  a  zero  line  previously  established.  If  the  pencil  is 
sharp  the  scale  can  be  read  quite  accurately. 

The  spring  may  also  be  tested  hot  by  playing  a  jet  of  steam  on 
the  jacket  of  the  indicator,  or  by  using  a  liquid  of  high  boiling 
point. 
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CtLINDER  condensation  in  STEAM  ENGINES.      Bv  Fl'Of.  ROBERT  H. 

Thurston,  Cornell  University,  Ithaca,  N.  Y. 

[ABSTRACT.] 

The  author  presented  the  results  of  a  series  of  experiments  made, 
under  his  direction,  to  determine  the  extent  of  the  loss  occurring 
in  steam-engines  by  the  action  known  as  "cylinder-condensation," 
and  the  laws  determining  the  method  of  variation  of  that  waste. 
In  a  paper  presented  to  the  New  York  Academy  of  Sciences  sev- 
eral years  before,  it  had  been  stated  that  the  nature  of  the  function 
which  measures  the  magnitude  of  this  loss  is  "determined  by  the 
area  of  cylinder-surface,  time  of  exposure,  variation  of  tempera- 
ture of  surface,  and  quantity  and  character  of  the  working  steam.'* 
The  author  had  been  compelled  to  assume  the  form  of  this  function 
in  the  construction  of  a  theory  of  efficiency  of  actual  engines,  and 
after  studying  such  experiments  as  had  been  described  up  to  that 
time,  had  concluded  that  it  would  be  substantially  correct  to  take 
the  quantity  of  steam  condensed  as  varying  as  the  square  root  of 
the  ratio  of  expansion  adopted  in  the  engine.  It  was  remarked 
that  "a  comparison  of  the  quantities  of  steam  demanded  to  supply 
an  engine  thermodynamically  perfect  with  the  actual  quantities  re- 
quired by  even  the  best  of  engines  exhibits  so  wide  a  difference 
that  it  becomes  obvious  that  the  determination  of  the  efficiency  of 
the  engine,  and  the  solution  of  the  questions  involving  those  of 
expenditure  of  heat,  are  not  problems  in  thermodynamics,  simply. 
The  mathematical  theory  of  the  steam-engine  is  not  yet  in  so  satis- 
factory a  state — and  cannot  be  until  the  correct  theory  of  this 
transfer  of  waste  heat  can  be  introduced  into  it — that  the  engineer 
can  use  it  in  every-day  office-work  with  much  confidence,  unless 
checked  by  direct  experiment." 

It  had  been  the  intention  of  the  author  to  determine  experimen- 
tally, if  possible,  the  laws  governing  the  amount,  and  the  variation, 
of  cylinder  condensation  in  steam-engines,  the  speed  of  piston, 
the  area  of  surfaces  exposed  to  the  steam,  the  ratio  of  expansion, 
and  the  pressure  and  temperatures  of  the  steam  varying  in  the 
manner,  and  to  the  extent,  usual  in  practice.  Such  an  opportunity 
as  had  been  looked  for,  for  several  years  previously,  was  finally 
offered,  when  Messrs.  Gately  and  Kletzsch  were  permitted  to  un- 
dertake such  an  investigation  upon  a  Harris-Corliss  engine  of  250 
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horse-power,  at  the  works  of  the  Newton  Packing  and  Belting  Co. 
Before  this  date,  some  work  had  been  done,  notably  by  Chief 
Engineer  Islierwood,  U.  S.  N.,  in  the  United  States,  and  by  Messrs. 
D.  K.  Clark  in  Great  Britain  and  Hirn  in  France ;  but  no  com- 
pletely systematic  examination  of  the  methods  of  variation  of  all 
the  most  important  variable  elements  had  been  made  or  attempted, 
80  far  as  was  known. 

Messrs.  Gately  and  Kletzsch  undertook  such  a  systematic  Investi- 
gation, making  all  working  conditions  constant,  for  each  trial,  then 
varying  each  one  of  the  governing  conditions,  singly,  through  a 
wide  range  of  ordinary  working  conditions  until,  at  the  end  of  the 
research,  the  method  of  variation  of  loss  had  been  observed  for 
each  variable  independently. 

The  power  of  the  engine  was  fixed,  and  its  speed  controlled 
so  far  as  independent  of  the  governor,  by  a  "Prony  Brake"  which 
was  designed  by  the  experimenters  especially  for  their  work,  and 
calculated  to  work  safely  up  to  above  500  horse- power.  The  in- 
dicated power  of  the  engine  was  carefully  determined,  at  short 
intervals,  by  the  use  of  steam-engine  indicators,  which  were  care- 
fully tested,  and  proven  to  be  correct.  The  character  of  the  steam 
was  ascertained  by  means  of  a  calorimeter,  and  the  quantit}'  of 
steam,  and  of  water,  used  was  measured  by  meters,  and  by  a  weir 
placed  at  the  delivery  side  of  the  air-pumps. 

The  work  was  very  carefully  done  by  Messrs.  Gately  and  Kletzsch, 
assisted  by  Passed  Assistant  Engineer  C.  A.  Carr,  U.  S.  N.,  and 
others.  The  investigation  was  carefully  planned  by  the  author 
and  the  investigators,  the  observations  very  exactly  made,  and  re- 
corded, and  the  results  worked  up  with  the  utmost  patience  and 
skill. 

The  report,  as  finally  presented  to  the  author,  was  illustrated 
by  curves  exhibiting  the  law  of  variation  of  loss,  as  deduced  by 
the  gentlemen  in  charge  of  the  work,  and  tabulated  by  them.  It 
was  found  that  the  assumption  ma<le,  as  above  stated,  in  regard 
to  the  law  of  variation  with  varying  ratio  of  expansion,  was  cor- 
roborated ;  while  some  discrepancies  were  observed  with  the  results 
apparently  reached,  in  some  cases,  by  earlier  investigators. 

The  most  important  result  of  this  work  was  the  confirmation  of 
the  law  already  established  relating  to  the  variation  with  varying 
ratios  of  expansion,  the  most  common  of  the  variables,  in  ordinary 
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practice.  The  research  was  presented  as  simply  a  fii*st  attempt  at 
systematic  and  complete  investigation  of  this  important  problem, 
and  it  was  stated  that  further  work  in  this  direction  is  very  de- 
sirable. Tiie  whole  of  the  report  of  Messra.  Gately  and  Kletzsch 
to  Dr.  Thurston  is  published  in  the  Journal  of  the  Franklin  Insti- 
tute for  October,  1885,  and  sacceeding  numbers,  and  in  the  Lon- 
don Engineer  of  November. 


The   Davison   smoke  burner.     By  Prof.  M.   E.  Coolet,  Uni- 
versity of  Michigan,  Ann  Arbor,  Mich. 

[abstract.} 

The  sketch  illustrates  a  simple,  effective  and  efficient  smoke 
burning  device.  It  is  inexpensive,  easily  applied  to  any  boiler  fur- 
nace, and  requires  but  little  attention. 

L  is  a  slot,  about  1  in.  by  10  in.,  cut  through  each  furnace  door 
through  which  the  air  passes  in  a  broad  thin  stream.     P  is  a  |  in. 


y*g.  X 


^li^. 


steam  pipe  branching  and  entering  as  a  ^  in.  pipe  over  each  fur- 
nace door,  having  nozzles  N,  as  shown  in  Fig.  3,  placed  so  as  to 
direct  the  stream  past  the  middle  of  the  furnace.  The  fuel  is  fired 
in  small  quantities  into  the  back  end  of  the  furnace,  a  bed  of  in- 
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candescent  fuel  being  kept  in  front.  The  air  entering  at  L  becomes 
highly  heated  in  sweeping  over  the  incandescent  fuel  at  A,  and  is 
thoroughly  mixed  by  the  steam  jets  with  the  products  of  imperfect 
combustion  rising  from  the  bed  of  fuel.  Combustion  ensues  with 
a  roaring  noise  and  an  almost  total  absence  of  smoke.  The  evap- 
orative power  and  efficiency  of  the  boiler  ai*e  both  considerably 
increased. 


A  Front  brake  for  governing  powerful  steam  engines.     By 
Dr.  Robert  H.  Thurston,  Cornell  University,  Ithaca,  N.  Y. 


General   discussion   of  the   best  method   of    teaching  me- 
chanical ENGINEERING. 


On  a  universal  form  of  pressure  motor.     By  Prof.  David 
P.  Todd,  Lawrence  Observatory,  Amherst,  Mass. 


Deep  water  at  Galveston,  Texas,  and  how  to  reach  it.     By 
Dr.  Alexander  Hogg,  Fort  Worth,  Texas. 


The  inter-oceanic  problem,  and  its  scientific  solution.    By 
Elmer  L.  Cokthell,  New  York,  N.  Y. 

[This  paper,  by  special  action  of  the  Standing  Committee,  was 
given  at  a  General  Session  of  the  Association  on  Friday  evening. 
It  has  since  been  published  as  an  8vo  pamphlet  with  map  and  il- 
lustrations of  the  proposed  Tehauntepec  ship  railway.  This 
pamphlet  can  be  had  by  addressing  the  author  at  34  Nassau  St., 
New  York. — Editor.] 
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Fellow  members  of  the  section  of  geologt  and  geography  : 

We  have  again  assembled  in  our  annual  council,  to  renew  and 
extend  our  acquaintance  with  each  other,  to  maintain  and  strengthen 
the  esprit  du  corps  which  ought  to  characterize  the  workers  in  a 
common  field,  to  share  with  each  other  the  new  facts  and  new  con- 
clusions that  we  have  reached  by  the  labors  of  the  last  year,  mente 
et  malleOj  and  especially  to  aid  each  other  in  securing  larger  and 
more  symmetrical  views  of  the  truths  we  hold,  by  fraternal  dis- 
cussion, criticism  and  correction. 

The  students  of  no  other  branch  of  science  have  greater  need  of 
such  association,  for  our  field  is  so  wide  that  those  who  occupy  its 
different  sides  can  easily  lose  sight  of  each  other.  In  other  words, 
the  methods  of  investigation  and  research  employed  in  the  several 
sections  of  geological  science  are  so  diverse  that  it  is  quite  possible 
for  those  who  work  in  one  to  fail  in  due  appreciation  of  and  due 
respect  for  all  the  rest. 

But  the  putting  asunder  of  things  which  belong  together  is 
always  to  be  deplored.  It  will  be  an  evil  day  for  geology  when, 
by  any  confusion  of  tongues,  the  utterances  of  its  various  builders 
become  unintelligible  to  one  another. 

The  most  encyclopedical  of  the  sciences,  geolog}''  still  demands 
of  its  students  a  wide  range  of  knowledge  and  interest.  Its  most 
substantial  progress  will  be  due  in  the  future  as  it  has  been  in  the 
past,  not  to  the  level  and  clinometer  alone,  not  alone  to  the  sagacious 
interpretations  of  the  relics  of  life,  not  alone  to  microscopic  sec- 
tion or  to  chemical  analysis,  but  to  all  combined,  and  the  employ- 
ment of  these  various  instruments  and  agencies  of  research  is  still 
the  condition  of  the  largest  service  and  success. 

To  review  the  record  of  the  last  year  and  gather  up  its  most 

significant  advances  would   be  appropriate  to  the  occasion,  but 
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various  limitations  forbid  me  to  undertake  such  a  task  in  any  for- 
mal way. 

Before  entering,  liowever,  upon  the  discussion  of  tlie  subject  which 
I  wish  to  present  to  you,  I  beg  leave  to  call  your  attention  to  a 
few  facts,  cliiefly  gathered  from  the  recent  labors  of  American 
geologists,  that  seem  to  me  of  special  interest  and  that  would 
properly  belong  in  such  a  list  as  I  have  named.  I  will  also  point 
out,  in  like  cursory  manner,  some  of  the  special  directions  and 
subjects  in  which  American  geology  seems  to  me  to  be  showing 
the  most  activity  and  progress  at  the  present  time. 

1.  The  history  of  the  vertebrate  life  of  the  globe,  as  far  as  it  is 
now  written,  indisputably  owes  some  of  its  most  interesting  and 
important  chapters  to  American  geology,  but  up  to  the  last  year 
we  were  still  obliged  to  recognize  the  Ludlow  rocks  of  Great 
Britain  as  the  depositaries  of  its  earliest  known  forms.  But  the 
recent  fortunate  discovery  and  the  clear  and  sagacious  interpre- 
tation of  vertebrate  fossils  of  the  Pteraspidian  t^'pe  of  fishes  in 
the  Onondaga  Group  of  central  Pennsylvania,  by  our  associate, 
Professor  E.  W.  Claypole,  have  granted  us  an  equal  date,  at  least, 
with  the  Scaphaspis  of  the  Lower  Ludlow  of  Great  Britain,  and  a 
fair  argument  can  be  made  as  to  the  somewhat  greater  antiquit}'  of 
the  Pennsylvania  forms.  This  argument  it  is  not  necessary  to 
press,  for  it  loses  its  point  and  interest  in  the  light  of  Prof.  Claj'- 
pole's  subsequent  discovery  of  well-marked  scales  and  spines  of 
fishes  in  the  Iron  Sandstone  of  the  Middle  Clinton  Group  of  cen- 
tral Pennsylvania.  Onchus  Clintoni  of  Claypole  comes  from  a 
horizon  that  is  much  farther  below  the  Ludlow  beds  than  they  are 
below  the  next  stratum  in  ascending  order  in  which  vertebrate 
remains  have  hitherto  been  found,  viz.,  the  Lower  Devonian  Lime- 
stones, and  it  must  enjoy  the  distinction,  at  least  for  a  little  time, 
of  being  recorded  as  the  earliest  representative  of  the  vertebrate 
life  of  the  globe,  and  earliest  by  a  long  remove  from  every  known 
competitor. 

But  the  "earliest  vertebrate"  alwa3'8  sits  on  a  precarious  throne. 
At  any  moment  the  title  is  liable  to  lapse.  To  see  its  horizon 
suddenly  descend  several  thousand  feet  in  the  scale  scarcel}' 
awakens  our  surprise.  The  abrupt  appearance,  the  great  numbers 
and  the  comparatively  high  organization  of  the  earliest  American 
fishes  heretofore  known,  all  demand  a  long  antecedent  history,  and 
it  is  therefore  no  unwelcome  labor  to  erase  the  old  boundaries  and 
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to  draw  the  new  ones  so  as  to  gain  protracted  ages  for  the  nnfold- 
ing  and  development  of  the  type. 

2.  Another  fact  in  the  history  of  vertebrate  life,  acquired  during 
the  past  year,  deserves  special  mention  here.  Mr.  Samuel  Garman 
has  recently  published  in  a  bulletin  of  the  Museum  of  Comparative 
Zoology  of  Harvard  College,  a  description  of  a  living  shark  that 
proves  to  be  a  Cladodont  and,  according  to  his  interpretations,  so 
nearly  allied  to  the  genus  Cladodua  of  Carboniferous  time  that  it 
might  with  little  violence  be  referred  thereto.  According  to  pres- 
ent knowledge,  the  family  of  Cladodonta  originated  in  the  Middle 
Devonian,  and  the  genus  Cladodua^  as  we  have  hitherto  been 
obliged  to  hold,  became  extinct  in  the  same  age  that  gave  it  birth, 
but  the  chance  catch  of  a  Japanese  fisherman  gives  us  an  unmis- 
takable Cladodont  if  not  a  true  Cladodua  to-day,  and  in  it,  we  find 
"the  oldest  living  type  of  vertebrates,"  Ceratodua  being  thus  dis- 
placed from  the  prominence  which  it  has  so  long  enjoyed.  The 
gap  is  far  wider  than  any  that  has  been  heretofore  bridged,  and 
the  lessons  derived  from  the  discovery  are  correspondingly  impor- 
tant. We  are  taught  to  look  with  keener  interest  and  larger 
expectation  upon  what  "the  dark,  unfathomed  caves  of  ocean  bear." 
The  fragmentary  character  of  the  record  of  life,  which  we  all 
acknowledge,  is  set  before  us  in  more  vivid  light,  and  we  are  warned 
anew  against  all  dogmatism  in  dealing  with  it. 

3.  The  discovery  during  the  last  year  of  fossil  scorpions  in  three 
quite  widely  separated  portions  of  the  world,  at  horizons  approxi- 
matcly  identical  and  at  the  same  time,  vastly  lower  than  any  in 
which  they  had  been  found  hitherto,  is  a  fact  of  much  geological 
interest  and  significance.  The  first  of  these  forms  was  reported 
from  Swedish  territory,  in  November,  1884.  The  age  of  the 
formation  from  which  the  fossil  was  derived  is  clearly  Upper 
Silurian.  This  announcement  was  immediately  followed  by  the 
report  of  a  like  discovery  in  Upper  Silurian  rocks  of  Scotland, 
and  now,  our  associate.  Prof.  R.  P.  Whitfield,  has  obtained  from 
Lower  Helderbergbedsof  Oneida  County,  New  York,  classic  ground 
for  this  formation,  a  well-marked  congener  of  the  Swedish  spec- 
imen. It  is  surprising  that  these  three  specimens,  gathered  as  they 
are  from  widely-separated  but  well-worked  fields,  should  come  to 
light  within  the  compass  of  a  single  year.  They  effect  an  immense 
extension  of  the  history  of  the  tribe  to  which  they  belong,  but 
each  of  them  still  falls  short  of  the  title  of  the  "earliest  known 
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land-animal."  That  distinction  is,  for  the  present,  held  b3'  the 
representative  of  an  allied  division.  From  well-characterized  strata 
of  Middle  Silurian  age  in  Central  France  Mr.  Scudder  has  described, 
during  the  past  year,  the  fragment  of  a  cockroach's  wing.  It  is  a 
surprise  to  find  BlaJtta^  for  the  time  being,  at  the  head  of  the  line 
of  the  inhabitants  of  the  dry  land. 

4.  Within  the  last  year,  our  associate,  C.  D.  Walcott,  has  pub- 
lished a  description  of  two  species  of  pulmoniferous  mollusks  from 
the  lower  portion  of  the  Carboniferous  rocks  of  Nevada.  Both 
belong  to  the  aquatic  section  of  the  pulmonifera  and  constitute  the 
sole  known  representatives  of  that  group  in  Paleozoic  time.  One 
of  them  is  a  true  Physa  and  thus  gives  to  this  humble  form  a  vast 
.antiquity. 

There  have  been  previously  described  eight  species  of  pulmoni- 
fera from  ihe  Paleozpic  rocks  of  North  America,  all  of  them  true 
land  shells  and  the  only  representatives  of  the  subclass  thus  far 
known  to  science  from  rocks  of  this  age.  It  is  interesting  to  find 
the  aquatic  section  now  coming  into  view,  also  from  American  rocks. 

But  leaving  without  further  notice  these  ver}'  suggestive  facts, 
the  list  of  which  might  be  easily  and  largely  increased,  let  us 
barely  glance  in  passing  at  some  of  the  chief  features  in  the  ad- 
vance of  geological  knowledge  in  this  country  at  the  present  time. 

In  the  first  place,  strati  graphical  geology  appears  to  me  to  be 
attaining  a  somewhat  juster  recognition  than  has  hitherto  pre- 
vailed. It  has  been  made  very  clear  by  the  labors  of  geologists 
in  the  field  during  the  last  few  years  that  the  work  of  the  pale- 
ontologists is  still  too  incomplete  to  allow  any  off-hand  set- 
tlement of  many  of  the  questions  that  arise,  by  his  determinations. 
Not  only  must  stratigraphical  work  precede  all  paleonlolog- 
ical  conclusions,  but  it  is  becoming  more  apparent  that  these 
two  branches  of  inquiry  must  never  be  divorced.  They  must  ad- 
vance into  new  fields,  pari  passu^  so  far  as  the  minor  divisions  of 
the  scale  are  concerned.  The  several  papers  of  our  associate. 
Prof.  H.  S.  Williams,  on  the  "  recurrence  of  faunas"  and  the  re- 
cent papers  and  reports  of  other  geologists  of  the  same  tenor,  are 
timely  and  valuable.  There  has  been,  in  my  judgment,  an  undue 
tendency  to  settle  all  questions  as  to  the  age  and  order  of  the 
several  strata  of  any  considerable  series  by  the  testimony  of  a  few 
fossils.  The  fossils  are  the  arbiters,  it  is  true,  if  they  have  ac- 
quired their  authority  by  sufficiently  extended  investigation,  but  it 
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IS  just  here  tbat  the  danger  lies.  They  seem  to  me  to  have  been  some- 
times so  used  as  to  discourage  the  persistent  and  continuous  obser- 
vation and  comparison  of  sections  by  which  and  by  which  alone  their 
final  value  is  determined,  and  upon  which  all  true  progress  as  to 
geological  order  must  depend.  The  problems  of  the  Paleozoic 
rocks  of  eastern  North  America  are  mainly  of  the  soluble  sort, 
and  the  incongruous  and  irreconcilable  sections  that  now  disfigure 
our  geological  maps  will  disappear  whenever  enough  connected 
field-work  has  been  devoted  to  them,  the  field-work  embracing  both 
the  stratigraphical  and  paleontological  facts  involved. 

The  work  of  unification  is  already  going  forward  with  most 
gratifying  results,  especially  in  the  great  series  of  strata  that  com- 
pose the  eastern  slope  of  the  Mississippi  basin.  It  has  been  found 
possible  at  last,  under  the  United  States  Geological  Survey,  to  treat 
the  various  elements  in  their  undivided  extent  without  regard  to 
arbitrary  boundaries  and  divisions.  The  service  is  an  invaluable 
one  to  American  geology. 

In  the  second  place,  the  growing  use  of  the  microscope  in  geol- 
ogy is  to  be  noted  as  one  of  the  directions  in  which  progress  is 
apparent  and  marked.  There  is  scarcely  a  field  of  research  in 
which  the  service  of  the  thin  section  is  not  now  acknowledged  and 
invoked.  It  furnishes  the  only  ultimate  ground,  if  indeed  it 
prove  ultimate,  for  the  division  into  genera  and  species  of  many 
Paleozoic  corals  and  bryozoa,  and,  at  the  other  extreme  of  the 
field,  for  example,  it  gives  us  the  only  approach  to  an  explanation 
of  the  difference  between  flint  clays  and  plastic  clays.  By  it, 
most  of  the  varied  claimants  to  the  early  life  of  the  globe  must 
be  tried  and  by  it,  as  well,  the  minerals  of  the  igneous  and  meta- 
raorphic  rocks  must  be  finally  determined.  Equally  serviceable 
thus  in  the  organic  and  inorganic  fields,  the  microscopic  section 
is  rapidly  growing  to  universal  application  in  geological  work. 

Passing  from  the  mention  of  these  modes  and  directions  of  re- 
search, in  which  progress  is  obvious  and  pronounced,  let  us  glance 
with  equal  brevity  at  two  or  three  of  the  fields  of  American  geol- 
ogy in  which  special  activity  now  prevails. 

I  have  already  called  your  attention  to  the  beginnings  of  verte- 
brate life  on  this  continent  as  revealed  in  the  fish-plates  of  the 
Middle  Silurian  of  Pennsylvania,  and  I  have  reminded  you  that 
the  oldest  vertebrate  in  the  American  scale  is  the  oldest  verte- 
brate of  the  world,  as  well,  so  far  as  present  knowledge  goes, 
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but  it  is  not  in  this  fact  that  the  chief  interest  of  our  vertebrate 
geology  is  found.  It  is  iu  the  later  stages  and  higher  forms  of 
vertebrate  life  that  American  geology  holds  an  easy  and  undis- 
puted preeminence. 

Along  the  eastern  slope  of  the  Rocky  Mountains  there  are  be- 
ing disentombed,  year  by  year,  the  remnants  of  great  faunas  of 
Cretaceous  and  Tertiary  time  that  are  quite  without  parallel  in  the 
history  of  geological  science.  While  these  faunas  are  remark- 
able for  the  great  number  and  variety  of  the  species  and  indi- 
viduals contained,  and  also  for  the  enormous  size  of  some  of  their 
forms,  it  is  in  other  directions  that  their  highest  interest  lies.  By 
their  anomalous  and  altogether  unexpected  characters,  by  their 
strange  combination  and  dissociation  of  peculiarities  of  structure, 
they  throw  a  flood  of  light  on  the  question  of  evolution  and  give 
us  a  key  to  the  development  of  the  existing  creation  that,  before 
their  discover}',  it  was  too  much  to  expect  that  we  should  ever 
possess.  Here  are  birds  with  teeth,  here  are  reptiles  without 
them.  Here  are  animals  in  which  the  characters  of  both  birds 
and  reptiles  are  so  blended  that  it  is  hard  to  tell  on  which  side  of 
the  line  they  belong,  or  whether  there  is  any  line.  Here  are 
horses  with  four  toes  and  hogs  that  chew  the  cud.  While  the 
discoveries  of  the  last  3'ear,  so  far  as  reported,  do  not  vie  in  in- 
terest with  those  of  many  previous  ones,  still  the  work  is  going 
forward  and  new  forms  are  constantly  being  brought  into  light. 
But  of  almost  equal  importance  with  the  discoveries  themselves 
is  their  formal  publication,  whereby  they  become  the  permanent 
property  of  science.  The  past  year  is  made  notable  in  this  con- 
nection by  the  appearance  of  Marsh's  monograph  on  the  Dinoce- 
rata,  in  which  are  described  thirty  species  under  three  genera,  of 
a  group  of  mammals  but  slightly  known  before,  and  whose  va- 
rious peculiarities  of  structure  are  full  of  significance  and  in- 
struction as  connected  with  the  later  mammalian  life  of  the  globe. 

A  second  division  of  American  geology  in  whicli  special  activity 
now  prevails  is  that  of  the  so-called  Archaean  rocks.  The  activity 
is  '*  known  and  read  of  all  men,"  but  as  to  the  progress  to  be 
reported,  I  dare  not  affirm,  for  the  smoke  of  battle  still  covers  the 
field  and  the  clash  of  arms  still  fills  the  air. 

Certain  it  is  that  in  no  previous  year  has  there  been  so  large  and 
varied  an  amount  of  publication  upon  all  of  the  problems  in- 
volved as  in  the  last.     The  list  of  authors  includes  many  honored 


ADDRESS   BY  EDWARD   ORTON.  179 

names  in  our  ranks,  Whitne}'',  Dana,  Hunt,  Hitchcock,  "Wads- 
wortli,  Irving,  for  example,  and  the  topics  discussed  cover  tiie 
whole  range  from  the  igneous  fusion  of  the  earth  to  the  formation 
of  a  recent  volcanic  cone.  The  discussions  are  characterized  by 
great  ability,  but  the  conclusions  in  regard  to  the  fundamental 
facts  of  origin  and  classification  of  the  great  system  of  which  they 
treat  are  wide  apart  and  irreconcilable.  Eozoon  still  maintains  the 
struggle  for  existence,  but  with  apparently  lessening  chances  of 
survival.  Let  us  hope  that  out  of  all  this  discord,  which  is  not  by 
any  means  confined  to  American  geology,  a  consensus  of  opinion 
raa3^  soon  emerge  in  regard  to  tiiese  universal  foundations  of  the 
eartli  which  shall  deserve  to  be  called  orthodox.  There  will  al^ 
ways  be  room  in  this  field  for  heresies. 

The  third  section  of  American  geology  that  I  will  name  as 
showing  at  the  present  time  decided  activity  is  that  of  glacial 
geolog3^  The  most  recent  of  geological  formations,  the  Drift,  is 
still  the  most  anomalous  and  perplexing.  We  have  less  expe- 
rience and  direct  observation  that  can  be  brought  to  bear  on  its 
mode  of  formation  than  we  have  on  oceanic  deposits  or  even  on 
tlie  outflow  of  igneous  vents.  But,  little  by  little,  we  seem  to  be 
coming  into  substantial  accord  in  regard  to  the  general  sequence 
of  the  events  that  constituted  the  glacial  period.  The  luminous 
and  fruitful  theories  of  Croll,  like  Darwinism  in  biology,  are  per- 
meatino:  all  of  our  modern  glacial  literature. 

The  most  important  service  that  has  been  rendered  in  the  Amer- 
ican field  is  the  recent  mapping  of  the  great  moraine.  Thanks  to 
the  United  States  Geological  JSurve}',  this  work  has  now  been  car- 
ried through  from  the  Atlantic  border  to  Dakota,  and  in  view  of 
the  facts  which  have  thus  been  brought  out,  skepticism  in  regard 
to  the  former  occupation  of  the  northern  portions  of  the  continent 
by  a  sheet  of  land  ice  moving  to  the  southward,  would  seem  to  be 
impossible  to  the  candid  mind. 

It  is  coming  to  appear  that  the  glacial  record  of  the  North 
American  continent  is,  like  the  rest  of  its  geological  history,  in- 
comparably simpler  and  clearer  than  that  of  Europe,  and  both  the 
order  of  events  of  the  last  ice  age  and  the  nature  and  mode  of  op- 
eration of  the  forces  emplo3'ed  can  be  studied  to  better  advantage 
here  than  elsewhere  in  the  world.  Our  geologists  are  attacking 
these  problems  with  courage  and  enthusiasm,  and  will  certainly  be 
able  to  give  a  good  account  of  their  labors.     When  we  consider 
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how  short  a  time  has  elapsed  since  the  existence  of  a  recent  ice- 
period  was  first  taught,  we  find  ground  for  surprise  that  so  much 
has  been  already  accomplished,  and  yet  it  remains  true  that  the 
(history  of  the  Drift  is  still  to  be  written. 

I  will  suspend  at  tiiis  point  my  desultory  and  informal  review, 
and  will  turn  now  to  the  subject  which  I  have  selected  for  a  brief 
discussion  on  this  occasion. 

I  wish  to  bring  before  you  a  few  facts  in  connection  with  the 
•geology  and  chemistrj'  of  coal,  the  coal  of  the  Carboniferous  Period, 
•that  seem  to  me  deserving  of  further  and  special  consideration. 
They  come  to  my  mind  as  questions  that  have  not  been  fully  an- 
swered, as  problems  not  satisfactorily  solved  ;  that  is,  they  are  not 
as  fully  answered  or  solved  as  possibly  the  nature  of  the  case  ad- 
mits. In  regard  to  them,  more  light  seems  fairly  attainable,  and 
it  is  therefore  proper  that  attention  should  still  be  fixed  upon  them. 

I  will  designate  my  subject  Unfinished  Problems  relating  to  the 
Geology  and  Chemistry  of  Coal. 

The  title  in  this  shape  is,  however,  to  some  extent  misleading. 
Literally  interpreted,  it  covers  too  much  ground,  for  what  problems 
pertaining  to  coal  or  any  other  geological  subject  are  finished? 
What  questions  are  fully  and  finally  answered?  Every  road  in 
science  leads  to  the  end  of  the  world.  You  can  write  the  history 
of  the  vegetable  kingdom  from  the  beginning  of  time,  in  telling 
the  story  of  the  hyssop  that  grows  on  the  wall. 

Some  of  the  questions  that  I  raise  are  my  own  and  difiSculty  in 
regard  to  them  may  be  felt  b}'  but  few.  They  may  arise  from  the 
feebleness  of  imagination  that  is  brought  to  the  reading  of  the 
record,  or  from  sheer  lack  of  knowledge.  Others  are  questions 
that  have  long  been  discussed  and  debated,  and  to  the  complete 
answers  of  which  the  resources  of  science  may  not  yet  be  fully  ad- 
equate. My  hope  is  that  some  service  can  be  rendered  by  stating 
and  emphasizing  the  points  involved. 

1.  For  the  last  fifty  years  there  has  been  no  reasonable  ground 
for  doubt  as  to  the  real  nature  and  ultimate  source  of  coal.  Coal 
is  more  or  less  metamorphosed  vegetable  structure,  and  conse- 
quently the  materials  composing  it  were,  in  the  main,  derived  from 
the  atmosphere,  by  the  cells  of  growing  plants  under  the  agency 
of  sunlight,  at  some  earlier  stage  of  the  earth*s  history.  These 
conclusions  are  questioned  by  no  one  who  has  a  right  to  an  opin- 
ion.   Occasionally,  it  is  true,  some  belated  denizen  of  the  seven- 
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teeutli  century  still  attacks  the  problem  of  the  origin  of  coal  in 
the  a  priori  way  and  evolves  a  theory  of  its  formation  from  his 
own  consciousness.  Such  theories  do  not  require  refutation.  Like 
the  seed  sown  in  stony  places,  they  speedily  wither  because  they 
have  no  root.  Inventions  and  not  discoveries,  they  are  quite 
likely,  in  our  day,  at  least,  to  go  to  their  own  place  and  to  be  bur- 
ied with  their  inventors. 

The  formation  of  coal  from  vegetable  growth  I  do  not  take  to 
be  an  unsolved  or  unfinished  problem. 

2.  Again,  for  the  last  fifty  3*cars,  there  has  been  no  reasonable 
ground  for  doubt,  or  at  least,  ever-lessening  reasonable  ground  for 
doubt  that  the  vegetation  which  formed  the  coal  grew  where  it  is 
now  found.  It  is  not  drifted  vegetation  but  it  was  accumulated 
in  aitu^  by  the  slow  processes  of  plant  growth.  This  position  re- 
ceived powerful  support  from  the  famous  paper  of  the  late  Sir 
William  Logan  whicli  was  read  before  the  Geological  Society  of 
London  in  1841.  It  was  entitled  *'0n  the  Character  of  the  Beds 
of  Clay  lying  immediately  below  the  Coal  Seams  of  South  Wales." 
In  it,  Sir  William  announced  the  significant  fact,  which  had  long 
been  known  by  the  miners  and  used  by  tliem  as  a  guide  in  their 
practical  explorations  and  from  whom  he  had  received  it,  that  all 
the  coal  seams  of  the  South  Wales  field  are  underlain  by  beds  of 
clay  and  that  these  beds  always  contain  the  well-known  fossils, 
stigmaria.  The  statement  of  the  fact  we  owe  to  him.  Its  modern 
significance  escaped  him  for  the  time.  The  proof  was  forthwith 
furnished  by  Binney  that  the  stigmaria  are  the  roots  or  underground 
stems  of  lepidodendroid  and  sigillaria  trees.  At  about  the  same 
time  came  the  discovery,  in  a  railway  cutting  near  Manchester,  of 
a  number  of  sigillaria  trees,  standing  unmistakably  where  they 
grew  and  immediately  connected  with  a  coal  seam.  These  were 
the  initial  and  epoch-marking  facts  in  the  history  of  the  subject, 
but  the}''  have  been  repeated  and  supplemented  and  extended  in 
every  region  of  the  world  in  which  coal  is  mined,  from  that  day 
to  this,  until  they  have  become  to  the  last  degree  familiar  and 
commonplace.  Supported  by  such  an  array  of  facts  that  seem  to 
admit  of  but  one  interpretation,  I  should,  for  my  own  part,  be  dis- 
posed to  place  the  doctrine  that  coal  vegetation  grew  on  land  sur- 
faces where  we  now  find  it,  among  the  closed  questions,  the  solved 
problems  of  geology,  but  remembering  Grand-Eury's  recently  pub- 
lished erratic  theory  with  its  tornadoes  and  cataclysms,  and  Mohr's 
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elaborate  reference  of  coal  seams  to  sargasso  seas,  it  may  be  nec- 
essary to  leave  this  point  a  little  longer  among  the  unfinished 
problems  of  the  coal.  I  should,  however,  give  but  little  emphasis 
to  the  question  involved  in  it.  The  rootlets  of  the  stigmaria  clan's 
bind  the  coal  seams  fast  to  the  surface  of  the  land. 

3.  As  we  advance  be3'ond  this  position  aiid  enquire  as  to  the 
conditions  and  modes  of  growth  of  this  land  vegetation,  we  seem 
to  find  ourselves  at  once  among  the  unsettled  questions,  the  unfin- 
ished problems  of  coal.  Most  of  the  well-matured  and  more  elab- 
orate theories  that  have  been  advanced  in  recent  times,  however, 
agree  still  further,  and  in  regard  to  a  very  important  factor  in  the 
discussion.  Almost  all  of  them  hold  that  this  vegetation  grew  on 
lowlands  and  not  only  near  the  sea  level  but  near  the  sea  itself. 
The  obvious  facts  of  almost  every  section  of  Carboniferous  rocks 
in  which  a  seam  of  coal  is  included  allow,  indeed,  no  escape  from 
this  conclusion,  but  the  particular  modes  of  growth  of  these  great 
sheets  of  vegetation  are  variously  conceived  and  represented. 

(a)  Forests  growing  on  swampy  tracts,  finally  submerged  and 
buried  under  sheets  of  sand  or  clay,  the  forest  trees  themselves, 
and  chiefly  their'bark,  constituting  the  bulk  of  the  coal ;  this  is  one 
of  the  earliei'  and  cruder  theories  which  it  is  somewhat  surprising 
to  find  still  surviving.  It  has  recently  found  new  expression 
through  Carruthers,  the  distinguished  paleo-botanist,  who  seems 
to  adopt  it  without  reserve.  Several  elements  of  it  also  enter 
into  the  extravagant  theor}'^  of  Grand-Eury  which  has  recently 
appeared. 

(b)  An  accumulation  of  vegetation  quite  after  the  manner  of  the 
mangrove  swamps  of  sub- tropical  lands  at  the  present  time  makes 
another  theor}'.  Geikie  adopts  this  as  the  best  picture  of  the  con- 
ditions of  coal  formation  that  we  can  find  in  the  existing  order  of 
things. 

(c)  By  Sir  Charles  Lyell,  the  cypress  swamps  of  the  lower  Miss- 
issippi were  made  to  do  like  service.  Sir  William  Dawson  seems 
to  agree  with  Lyell  that  the  conditions  of  coal  formation  are  most 
adequately  represented  by  these  great  accumulations. 

(d)  Fifty  years  ago  Brogniart  made  the  suggestion  in  an  almost 
incidental  way  that  we  should  find  in  the  peat  bogs  of  to-day  the 
analogue  and  representative  of  the  coal  seams  of  carboniferous 
time.  It  is  not  necessary  to  claim  that  a  suggestion  of  this  sort 
had  never  been  made  before,  for  such  a  claim  could  not  be  main- 
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tained,  but  the  time  had  come  at  last  for  it  to  strike  root.  It  has 
been  living  and  growing  ever  since. 

A  young  Swiss  naturalist  was  perhaps  the  first  to  expand  the 
suggestion  into  a  theory  of  definite  shape  and  proportions.  Called 
by  the  government  of  his  own  canton  to  report  upon  its  peat  beds 
as  a  source  of  fuel,  he  took  up  the  study  of  the  bog  and  made  him- 
self thoroughly  master  of  its  botany,  its  physics,  its  chemistry,  its 
geology.  He  extended  his  observations  and  studies,  still  under 
government  patronage,  to  the  peat  bogs  of  northern  Europe  until 
be  knew  better  than  any  one  had  known  before,  the  laws  of  their 
formation  and  growth-  From  peat  bogs  he  came  to  the  study  of 
coal.  His  field  now  lay  on  this  side  of  the  Atlantic.  He  saw,  or 
thought  he  saw,  that  the  laws  of  the  peat  bog  could  be  applied  to 
the  coal  seam ;  that  the  key,  the  only  key,  to  the  history'  of  the 
latter  was  to  be  found  in  the  knowledge  that  he  had  already  ac- 
quired among  the  beds  of  fuel  that  are  growing  now  but  whose 
roots  go  back  into  past  millenniums. 

We  should  have  had  a  glacier  theory  of  the  Drift  without  Agas- 
siz,  a  scientific  geography  without  Guyot;  and,  in  like  manner, 
the  peat  bog  theory  of  coal  would  have  found  its  way  here  without 
Lesquereux ;  but,  historically,  it  fell  to  these  three  illustrious  com- 
patriots, fellow  students  and  lifelong  friends,  to  lead  the  way,  each 
in  his  own  field,  to  these  several  great  advances.  What  American 
science  owes  to  them  it  would  be  hard  to  compute.  The  obligation 
will  never  be  repudiated  nor  forgotten. 

In  its  development,  this  theory  appears  to  be  almost  an  Ameri- 
can theory.  It  has  found  far  wider  acceptance  here  than  else- 
where, and  the  best  statements  of  it  all  come  from  this  side  of  the 
Atlantic. 

It  was  expounded  ver}'  ably  in  the  main  by  Henry  D.  Rogers  in 
the  reports  of  the  First  Pennsylvania  Geological  Survey,  but  his 
statement  was  marred  by  the  introduction  of  some  dynamic  fea- 
tures that  are  quite  foreign  to  our  present  thought  and  in  which  he 
has  no  followers. 

Newberry  has  made  one  of  the  most  compact  and  symmetrical 
statements  that  has  yet  appeared,  and  he  came  to  the  subject  with 
large  and  fresh  and  independent  knowledge  from  every  part  of  the 
field.  The  late  Prof.  E.  B.  Andrews  repeatedly  presented  the 
theory  in  excellent  shape,  basing  his  statements  in  the  main  on 
his  own  observations. 


184  SECTION    B. 

But  it  still  remains  true  that  in  Tie>r  of  the  central  and  far-reach- 
ing claims  of  the  theory,  no  thoroughly  worthy  or  adequate  pres- 
entation of  it  has  ever  yet  been  made.  We  can  go  further  and  say 
tiiat  no  near  approach  has  yet  been  made  to  such  a  presentation. 
All  the  statements  that  we  have  are  limited  to  a  few  pages  each, 
designed  for  popular  use  and  falling  far  below,  the  demands  of  sci- 
entitic  completeness  and  exactness. 

What  better  service  could  be  rendered  to  the  geology  of  coal 
than  a  full  and  adequate  explication  of  this  theory?  To  my  mind 
it  holds  the  same  relation  to  coal  formation  that  the  glacier  does 
to  the  Drift.  Without  either,  we* can  manage  to  explain,  after  a 
fashion,  a  great  many  of  the  facts  involved,  but  the  explanations 
are  halting  and  inadequate.  From  peat-bog  and  glacier  are  de- 
rived the  master-ke3's  that  fit  to  every  ward  of  the  complicated 
subjects  with  which  they  are  connected. 

While,  therefore,  there  are  considerable  differences  of  view  as 
to  the  modes  in  which  vegetation  was  accumulated  in  the  Carbon- 
iferous swamps,  these  differences  concern  points  of  minor  value. 
All  of  the  leading  theories  have  a  great  deal  in  common  and  we 
can  scarcely  count  this  subject,  more  than  the  preceding  ones, 
among  the  problems  in  regard  to  the  more  complete  solution  of 
which  we  need  to  feel  great  responsibility  or  urgency. 

4.  I  have  glanced  at  the  problem  of  the  coal  swamp  and  the  ac- 
cumulation of  a  single  scam,  but  these  seams  are  always  found 
combined  in  great  sj'stems,  interstratified  with  sandstones,  con- 
glomerates, shales,  limestones  and  beds  of  iron  ore,  the  whole 
series  measuring  hundreds  and  sometimes  thousands  of  feet  in 
thickness.  We  are  confronted,  then,  with  the  problems  of  a  coal 
fields  and  we  bring  to  our  interpretation  of  it  the  points  already 
made,  viz.,  that  every  seam  was  accumulated  by  vegetable  growth 
in  swamp  or  marsh  or  bog  near  the  sea-level. 

It  goes  without  saying  that  subsidence  of  the  coal-forming  area 
must  be  invoked.  The  swamps  are  successively  buried  under 
sediments  brought  in  from  the  adjacent  sea,  or,  more  infrequently, 
by  sheets  of  limestone  that  grew  in  the  invading  water. 

To  see  what  some  of  the  problems  of  a  coal  field  are,  let  us  take 
a  concrete  case.  I  will  select  the  northern  extension  of  the  Appa- 
lachian coal-field,  as  it  is  found  in  Ohio.  It  is  by  far  the  most  or- 
derly field  that  has  ever  bean  described.  There  is  a  regularity 
and  simplicity  of  structure  in  it  that  make  it  the  type  and  standard 
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for  this  whole  class  of  formations.  The  questions  connected  with 
a  coal  field  are  found  here  in  their  simplest  form.  There  are  no 
folds  in  its  strata,  and  very  few  arches,  and  these  few  are  low  and 
gentle.  There  is  not  within  the  limits  of  the  field  a  fault  that  de* 
serves  the  name.  Its  reliefs  are  almost  wholly  due  to  erosion. 
The  dip  is  remarkably  steady  and  uniform,  and  inasmuch  as  it 
very  rarely  rises  as  high  as  one  degree,  it  can  be  determined  only 
by  triangulation.  The  series  that  is  found  on  one  side  of  a  hill 
can  be  depended  on,  with  like  intervals  and  relations,  on  the  other. 
The  general  order  of  its  most  important  beds  has  long  been  known, 
tlic  great  economic  interests  involved  leading  to  their  early  and 
continuous  exploitation  on  the  largest  scale. 

What  then  do  we  find  in  this,  the  simplest  and  most  symmetrical, 
the  least  disturbed  and  complicated,  of  all  known  coal  fields? 

We  find  a  maximum  of  2000  feet  of  strata,  covering  10,000 
square  miles  of  surface. 

Of  what  does  this  series  consist?  Irregularly  distributed 
through  it,  but  most  largely  in  the  lower  portion,  are  found  six  or 
eight  strata  of  sandstone  that  can  be  followed  with  a  good  degree 
of  steadiness  throughout  the  field.  They  have  their  names  and 
places  in  the  scale.  Part  of  them  are  conglomerates,  character- 
ized by  the  presence  of  quartz  pebbles  which  sometimes  are  of 
large  size  and  form  the  bulk  of  the  stratum.  These  sandstones 
and  conglomerates  constitute  the  largest  single  element  of  the  se- 
ries. 

Next  to  them  in  aggregate  thickness  are  beds  of  shale,  frequently 
replaced  with  sandstone  layers,  the  shales  being  gray,  blue,  black 
or  red  in  color  and  gathered  in  the  largest  quantity  in  the  upper 
half  of  the  coal  measures. 

There  are  a  dozen  sheets  of  limestone  distributed  irregularly 
through  the  entire  series.  All  of  them  are  thin.  They  are  often 
measured  by  inches  instead  of  by  feet,  but  they  hold  their  places 
in  the  scale  with  wonderful  tenacity.  Half  of  them  are  of  marine 
origin,  as  is  clearly  shown  by  the  abundant  fossils  which  they  con- 
tain, and,  on  the  same  grounds,  the  rest  arc  found  to  be  of  fresh 
or  brackish  water  origin. 

Always  associated  with  the  limestones  and  often  replacing 
them,  are  ten  or  twelve  deposits  of  iron  ore,  some  of  them  of  large 
economic  value. 

Distributed  throughout  the  entire  series  and  giving  name  and 


186  SECTION   E. 

character  to  the  whole  are  fifteen  or  more  seams  of  coal,  ranging 
from  a  black  mark  to  a  dozen  feet  in  thickness.  The  valuable 
phases  of  the  seam  are  uncertain  and  unsteady,  but  the  horizons 
are  persistent  and  distinct,  to  a  wonderful  degree.  Each,  as  we 
know,  stands  for  a  land  surface. 

With  the  seams  of  coal,  and  far  more  extensive  and  steady  than 
they,  are  beds  of  fire  clay,  of  var3nng  degrees  of  purity.  Almost 
every  coal  seam  is  underlaid  by  cla}',  and  the  limestones  and  ores 
are  also  covered  or  supported  by  them  in  many  cases. 

How  are  these  elements  distributed  ?  By  no  means  at  haphaz- 
ard, throughout  the  scale,  as  it  might  appear  at  first  sight.  A 
well-marked  and  rhythmical  order  of  arrangement  comes  into  view 
that  even  he  who  runs  may  read.  The  three  elements  of  those 
already  named  that  stand  for  life,  that  represent  the  agencies  and 
forces  of  life,  are  always  found  in  close  proximity  to  one  another. 
Coal,  standing  for  the  life  of  the  land,  limestone  for  the  life  of  the 
sea,  iron  ore,  equally  dependent  on  life  for  its  separation  and  con- 
centration, but  blended  with  both  limestone  and  coal,  these  form 
vital  nodes  in  the  series,  relatively  of  small  amount  but  containing 
all  the  economic  interest  and  value.  The  intervals  between  the 
nodes  are  occupied  by  the  sandstones  and  shales,  already  de- 
scribed as  forming  the  bulk  of  the  series.  They  are,  for  the  most 
part,  barren  of  life,  and  owe  their  accumulation  to  inorganic  forces. 
Measured  against  the  products  of  life,  these  sandstone  intervals 
have  a  thickness  of  five  or  ten  feet  to  one.  But  note,  these  inter- 
vals are  approximately  equal.  In  everj-  part  of  the  field,  some 
normal  measure  will  be  found  that  will  recur  again  and  again  in 
the  sections  we  shall  meet,  as  we  rise  with  stair-like  regularity 
from  coal  to  coal  or  from  one  limestone  to  another. 

These  are  some  of  the  facts  of  this  typical  district,  and  as  we 
review  them,  the  problems  of  a  coal  field  come  into  sight. 

(a)  This  approximate  regularity  of  intervals  between  the  vital 
node^,  for  example,  this  recurrence,  a  dozen  times  repeated,  of  the 
cycles  of  life, — what  explanation  is  given,  what  theory  offered  to 
account  for  so  obvious,  so  interesting  and  important  a  line  of  facts? 
The  oracles  are  dumb.  In  their  work  in  the  coal-fields  thus  far, 
geologists  have  been  so  busy  in  answering  tlie  economic  demands 
that  arise,  that  most  theoretical  questions  have  been  pushed  aside 
to  await  a  more  convenient  season. 

One  suggestion  we  have  and  one  only  that  I  know  which  may 
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funiishtbe  groundwork  of  an  explanation.  We  are  indebted  for  it  to 
that  unique  contribution  to  modern  science,  "  Climate  and  Time," 
a  work  in  which  astronomy  and  geology  have  met  together  and 
geography  and  physics  have  kissed  each  other. 

The  suggestion  of  CroU  that  the  Carboniferous  Age  was  a  period 
of  high  eccentricity  and  that  the  coal  seams  were  formed  during 
interglacial  stages,  revolutionary  as  it  appears,  has  in  it  elements 
that  may  be  able  to  serve  us  in  attacking  more  than  one  of  these 
problems.  An  astronomical  cause  for  the  recurrence  of  these 
cycles  of  life,  which  exhibit  an  almost  astronomical  rhythm  and 
order,  is  a  light  in  a  dark  place,  albeit  the  light  is  thus  far  but 
a  feeble  one. 

Newberry  has  already  suggested  that  the  beds  of  conglomerate 
associated  with  the  coal  beds  and  to  which  reference  has  already 
been  made,  need  the  transporting  power  of  ice  to  account  for 
them  in  their  present  locations. 

(b)  Let  me  ask  your  attention  for  a  moment  to  this  problem  of 
the  conglomerate.  I  do  not  refer  to  the  old  ground  of  contention, 
now  happily  removed  by  larger  knowledge,  as  to  how  much  the 
term  should  include,  but  consider  a  single  example  of  a  typical 
bed.  Overhanging  the  Scioto  Valley  at  its  most  easterly  limit  in 
Ross  and  Pike  counties  in  southern  Ohio,  is  a  ledge  of  pebble 
rock  that  caps  the  hills  with  its  massive  walls  and  picturesque 
towers.  The  formation  is  one  hundred  feet  thick.  It  is  composed, 
almost  without  exception,  of  white  quartz  pebbles,  some  of  which 
have  a  volume  of  three  or  four  cubic  inches.  Upon  it  lies  the 
lowest  coal,  which  again  is  covered  by  fifty  or  sixty  feet  of  con- 
glomerate sandstone  in  which  smaller  pebbles  are  sparingly  dis- 
tributed. 

From  what  shores,  near  or  distant,  were  these  pebbles  derived? 
Who  knows  a  beach  anywhere  in  the  world  to-day,  the  pebbles  of 
which  are  exclusively  quartz?  How  were  they  gathered  up,  how 
transported,  how  accumulated  on  these  quiet  shores  in  piles  one 
hundred  feet  in  thickness?  I  know  of  scarcely  the  semblance  of 
an  answer.  It  is  idle  to  talk  of  the  glacial  drift  as  furnishing  an 
analogy.     Both  contain  pebbles,  but  there  the  likeness  ends. 

You  may  an'swer  that  geology  has  not  advanced  far  enough  to 
account  for  the  sources  of  its  materials  in  any  field,  but  in  most 
other  formations,  though  we  cannot  go  back  to  the  actual  sources, 
we  can  at  least  find  possible  sources  of  the  mineral  elements  which 
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compose  them,  and  the  facts  pertaining  to  them  fall  into  line  with 
our  observations  and  experience  elsewhere.  But  here  all  is  anom- 
alous and  unique. 

The  fact  that  such  vast  masses  of  altogether  similar  conglom- 
erate underlie  the  lower  coal  measures.in  nearly  every  quarter  of  the 
world  where  the  formation  occurs,  adds  to  the  complexity  of 
the  problem.  If  it  were  at  a  single  point  or  at  a  few  points  that 
the  quartz  pebbles  were  gathered,  it  would  be  easy  to  frame  a  the- 
ory to  meet  the  case,  but  the  universality  of  its  occurrence  sweeps 
away  all  local  explanations. 

No  wonder  that  one  perplexed  student  after  another  has  in- 
voked the  ill-understood  laws  of  concretionary  force  to  account 
for  these  rounded  masses  of  silica,  beneath  and  interstratified 
with  the  coal ;  but  the  pebbles  are  stubborn  and  refuse  to  be  rele- 
gated to  any  other  category,  and  the  problem  of  their  origin  re- 
mains unsolved. 

(c)  Certain  other  pebbles,  occasionally  found  in  more  immedi- 
ate connection  with  coal  beds  may  be  named  here  as  raising  ques- 
tions as  to  their  history  that  have  not  yet  been  answered.  In  the 
heart  and  substance  of  coal  scams  these  pebbles  occur.  There  is 
but  one  seam  in  Ohio  from  which  they  have  been  reported  hitherto, 
but  this  is  our  most  important  seam,  viz.,  the  Middle  Kittanning 
or  Nelsonville  coal.  At  one  point  in  Vinton  County  where  the 
seam  is  largely  mined  they  are  often  brought  out.  A  dozen 
are  sometimes  found  by  the  miner  in  a  single  day.  All  that  I 
have  seen  are  hard  and  flint}*^  metamorphosed  sandstones,  and  are 
commonly  pronounced  gra}^  quartz! te.  From  the  same  seam  in 
Perry  County,  a  boulder  of  the  same  mineralpgical  character, 
weighing  not  less  than  four  hundred  pounds,  was  taken,  the  coal 
being  normal  above  and  below  it.  The  boulder  rested  on  the  main 
parting,  the  so- called  "  second  slate"  of  the  seam. 

Here  again  both  origin  and  transport  are  involved.  If  the  peb- 
bles were  of  the  ordinary  sandstones  of  the  sub-carboniferous  meas- 
ures, which  were  already  rising  above  the  sea  on  the  margin  of 
the  field,  there  would  certainly  be  less  difficulty  in  accounting 
for  them  ;  but  they  are  metamorphic  rock  and  their  nearest  source 
must  be  hundreds  of  miles  away  as  we  have  been  accustomed  to 
say.  How  should  a  block  weighing  four  hundred  pounds  be  brought 
into  the  very  centre  of  our  greatest  coal  swamp  and  lowered  there 
to  rest  in  normal  coal?    The  questions  remain  unanswered. 
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(d)  The  relation  that  several  of  the  limestones  of  the  series  bear 
to  the  coal  seams  belonging  in  adjacent  parts  of  the  scale  raises 
questions  to  which  we  are  now  not  able  to  give  full  and  definite 
answers.  The  facts  are  familiar  to  all  who  keep  acquainted  with 
coal  measure  geolog}'.  Four  limestones  of  the  Conglomerate  and 
the  Lower  Coal  Measures,  viz.,  the  Lower  Mercer,  the  Upper  Mer- 
cer, the  Putnam  Hill  and  the  Ferriferous,  in  other  words  the  two 
blue  and  the  two  gray  limestones,  severally  cover  the  coal  seams 
that  belong  next  below  them,  often  without  the  interval  of  an  inch 
of  clay  or  shale  or  other  deposit.  In  other  words,  the  limestone 
makes  the  roof  of  the  coal,  literal I3'  and  truly. 

These  limestones  are  fossiliferous,  abundantly  charged  with 
brachiopods,  corals,  bryozoa  and  crinoids,  the  latter  being  espec- 
ially characteristic.  But  all  of  these  fossils  are  marine  and 
mainly  stand  for  clear  water,  and  therefore  for  areas  beyond  the 
line  of  shore  sediments  and  turbid  currents.  The  two  formations, 
then,  which  are  in  immediate  contact  now,  go  back  for  their  origin 
to  quite  opposite  conditions.  The  coal  seam  bears  witness  to  the 
land,  or  at  least  its  swampy  border,  where  it  is  now  found,  and  the 
presence  of  the  limestone  is  proof  throughout  its  own  area  of  a 
clear  if  not  a  deep  sea.  These  conditions  that  meet  so  abruptly 
now  seem  incongruous,  and  the  facts  must  receive  more  careful 
consideration  than  they  have  thus  far  received  before  the  solution 
of  the  problem  can  be  counted  satisfactory. 

I  have  glanced  at  a  few  of  the  unsettled  questions  that  confront 
as  in  this,  the  simplest  of  all  coal  fields,  but  more  important  ones 
remain,  involving  the  extent  and  reach  of  the  several  seams  and 
the  laws  of  growth  of  the  field  as  a  whole.  These  must  be  passed 
with  but  a  word. 

Here  is  the  Ohio  coal  field,  with  its  eastern,  northern  and  west- 
ern boundaries  well  defined  and  well  known.  Were  the  lowest 
coal  seams  formed  over  this  entire  area?  Have  we  a  right  to  ex- 
pect their  presence  within  the  central  portions  of  the  basin  if  we 
descend  deep  enough?  Were  the  earlier  seams  progressively  cov- 
ered with  the  swamps  of  all  the  later  coals,  and  were  the  last  the 
widest  in  extent? 

These  questions  and  others  of  like  import  are  variously  an- 
swered by  our  highest  authorities,  and  they  must  therefore  be 
counted  open  ;  but  the  afiSrmative  replies  seem  to  me  so  irrecon- 
cilable with  the  facts  of  the  field  and  with  the  first  principles 
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and  established  laws  of  coal  geology  that  I  cannot  for  a  mo- 
ment doubt  that  they  will  ultimately  be  abandoned  and  dis- 
carded. 

Let  me  state  a  few  propositions  touching  these  points  that  it 
would  be  a  pleasure  to  expand  and  support. 

(1)  The  present  coal  field  of  Ohio,  at  the  beginning  of  the 
carboniferous  age,  was  occupied  by  an  arm  of  the  sea,  the  slowly 
growing  Cincinnati  arch  making  its  western  boundary. 

(2)  Around  the  shores  of  tliis  ancient  gulf,  marginal  swamps 
of  wide  extent  existed,  which,  by  their  long- con  tinned  growths 
and  subsequent  fossilization,  became  the  earliest  coal  seams. 

(3)  While  the  swamps  were  successively  submerged  and 
covered  by  shales,  sandstones  and  limestones,  derived  from  or 
formed  in  the  adjacent  sea,  and  were  finally  covered  by  other 
swamps,  the  continental  nucleus  was  slowly  growing  to  the 
southward,  as  it  had  been  growing  from  the  earliest  records, 
and  with  it  the  Cincinnati  arch  united,  by  a  like  advance  to  the 
eastward,  the  combined  movements  gradually  expelling  the  waters 
of  the  gulf  and  converting  the  earlier  formed  portions  of  the  coal 
field  into  dry  land. 

(4)  Every  successive  coal-forming  swamp  thus  had  a  narrower 
area  than  its  predecessor. 

(5)  As  all  the  coal  seams  were  formed  at  the  sea  level,  so  all 
were  raised  by  the  continental  growth  to  an  approximate  equality 
which  their  outermost  outliers  still  retain. 

(6)  To  look  for  the  earlier  formed  seams  in  the  center  of  the 
basin  would  be  to  look  for  the  living  among  the  dead. 

I  must  leave  here  the  problems  of  our  coal  field.  The  half  has 
not  been  told.  The  narrowing  limits  of  my  hour  will  give  me  time 
to  do  little  more  than  name  the  remaining  and  in  some  sense  the 
most  important  of  the  problems  of  coal  that  I  have  upon  my  list. 

5.  Of  the  several  varieties  of  coal  that  are  found  in  the  Appa- 
lachian field,  some  are  either  not  accounted  for  at  all  or  are  not 
accounted  for  alike  by  geologists. 

(a)  Even  the  time-honored  theory  which  ascribes  the  origin  of 
Pennsylvania  anthracite  to  metamorphic  changes  induced  by  the 
heat  of  flexure  and  mountain  making  in  the  Appalachian  revolution 
has  recently  been  called  in  question.  On  this  side  of  the  Atlantic, 
Hunt  maintains,  and  in  his  new  view  seems  to  have  support  from 
other  eminent  geologists,  '^  that  the  change  which  results  in  the 
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conversion  of  organic  matters  into  anthracite  was  effected  before 
the  disturbance  of  the  strata,  that  the  hydrogen  was  removed  in 
the  forms  of  water  and  marsh  gas,  and  that  differences  in  aeration 
during  the  processes  of  change  and  consolidation  of  the  carbonif- 
erous vegetation  arc  adequate  to  explain  the  differences  between 
anthracite  and  bituminous  coals." 

It  is,  however,  very  hard  to  believe  that  so  rational,  so  self-con- 
sistent and  apparently  so  strongly  supported  a  theory  as  the  old 
one  will  be  found  without  valid  foundations. 

(b)  For  the  striking  and  important  distinction  that  exists  be- 
tween different  seams  of  bituminous  coal,  by  virtue  of  which  they 
are  classified  as  open-burning  and  coking  coals,  no  explanation  is 
offered.  The  factor  to  which  we  should  first  look  in  accounting 
for  the  difference,  viz.,  the  percentage  of  so-called  bituminous 
matter,  chemical  analysis  has  ruled  out  and  we  know  that  the  dif- 
ference does  not  depend  on  this  element. 

The  suggestion  that  differences  in  the  kinds  of  vegetation  from 
which  the  seams  were  severally  derived  will  account  for  the  pres- 
ence or  absence  of  the  coking  quality  is  a  plausible  and  increas- 
ingly probable  one,  but  it  is,  thus  far,  a  suggestion  only.  The 
question  does  not  seem  to  be  beyond  the  reach  of  modern  methods 
of  inquiry.     Let  us  hope  that  it  will  soon  be  attacked. 

6,  On  the  chemical  side  there  are  various  unsettled  questions 
pertaining  to  coal,  some  of  which  possess  both  theoretical  and 
practical  interest.  I  can  do  little  more  than  to  name  one  or  two 
of  them  at  this  time. 

For  the  last  twenty  or  thirty  j^ears  a  vast  deal  of  chemical  skill 
has  been  spent  in  the  examination  of  coal.  Processes  have  been 
perfected  and  apparatus  adapted  until  little  is  left  to  be  desired 
in  all  these  respects.  Analyses,  ultimate  and  proximate,  have 
been  multiplied  to  an  enormous  extent. 

Have  we  any  adequate  results  to  show  in  return  for  all  of  this 
exercise  of  accurate  knowledge  and  refined  skill? 

The  answer,  I  fear,  must  be  unfavorable.  A  large  part  of  this 
analytical  work  represents  but  little  and,  therefore,  has  but  limited 
application.  Take  the  method  that  has  commonly  been  employed 
in  sampling  the  seam  for  analysis.  A  block  of  six  or  eight  cubic 
inches  is  counted  ample  and  it  is  naturally  taken  in  most  cases 
from  the  most  promising  part  of  the  seam.  Sometimes  that  illu- 
sory, that  impossible  thing,  an  *'  average  sample,"  is  sought  and 
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supposed  to  be  found.     The  character  of  the  seam  is  gauged  by 
these  results. 

But  in  all  this  we  ignore  the  vital  fact  that  a  coal  seam  of  fair 
thickness  is  almost  always  a  complex  deposit.  It  is  rarel}*^  undi- 
vided in  structure  and  still  more  rarel}'  homogeneous  in  compo- 
sition. The  several  benches  that  compose  it  may  differ  as  much 
from  each  other  as  distinct  and  widely  separated  seams.  The 
fragment  that  represents  the  best  phase  of  the  best  bench  may  have 
but  little  in  common  with  the  balance  or  with  the  great  bulk  of  the 
seam. 

For  reasons  like  this,  a  large  majority  of  the  earlier  anal3'ses  of 
coals  have  their  chief  value  in  the  chemical  skill  which  they  display. 
For  the  purposes  for  which  they  were  undertaken,  viz.,  that  they 
might  serve  as  guides  in  the  practical  use  of  the  various  coals, 
they  are,  to  a  greater  or  less  degree,  failures. 

But  the  difficulty  lies  much  deeper  than  I  have  thus  far  indicated. 
Supposing  the  coal  seam  to  have  been  thoroughly  sampled  and 
that  the  analytical  work  has  been  accurately  done,  two  conditions 
which  it  is  by  no  means  hard  to  meet,  do  the  results  of  analysis, 
under  these  circumstances,  enable  us  to  determine  with  scientific 
precision  the  value  of  the  coal  examined  or,  in  other  words,  the 
work  that  it  will  perform?  We  are  obliged  to  confess  that  they 
do  not.  There  are  notable  discrepancies  between  the  observed 
and  the  calculated  calorific  power  of  coals,  the  difference  in  some 
cases  amounting  to  fifteen  per  cent. 

In  short,  the  best  authorities  on  the  subject  declare  that  neither 
the  calorific  power  nor  the  calorific  intensity  of  a  coal  can  be  cal- 
culated from  a  knowledge  of  its  chemical  composition.  These 
results  will  depend  on  the  state  in  which  the  several  elements  exist 
in  the  coal  and  on  the  chemical  transformations  going  on  within 
it  during  the  process  of  combustion. 

The  problems  of  the  chemistry  of  coal  are  probably  not  insol- 
uble, but  science  must  sink  its  roots  deeper  before  it  can  give  full 
answers  to  our  questions. 

7.  The  last  topic  that  I  shall  ask  you  to  consider  is  the  micro- 
scopic structure  of  coal.  I  shall  discuss  it  with  special  reference 
to  what  remains  to  be  done  in  this  field.  It  is  what  has  been  al- 
ready done  that  gives  us  our  grounds  of  confidence  in  regard  to  the 
most  important  characteristic  of  coal,  viz.,  its  vegetable  origin.  To 
the  microscope  we  owe  the  demonstration  of  this  fundamental  fact. 
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I  cannot  stop  to  pay  tribute  to  the  varioas  authors  from  various 
lands  to  whose  labors  we  owe  this  great  conclusion,  but  it  would 
be  wrong  to  pass  without  mention  the  splendid  contributions  of 
Sir  William  Dawson.  In  lifting  the  veil  fi*om  the  old  coal  swamp 
and  in  causing  the  light  of  clear  and  definite  knowledge  to  pene- 
trate its  recesses,  no  work  in  the  English  tongue,  need  I  introduce 
such  a  qualification,  is,  in  its  adaptations  to  general  service,  for 
one  moment  to  be  compared  with  Acadian  Oeology. 

But  as  I  have  already  reminded  you,  ours  is  the  day  of  thin  seo 
tions,  and  the  new  means  of  research  must  be  extended  to  even  as 
intractable  and  seemingly  unpromising  material  as  coal.  We  are 
reaping  already  the  first  fruits  of  what  is  sure  to  be  a  great  harvest. 

Huxley,  without  being  the  first  to  examine  coal  in  this  way,  seems 
to  have  been  the  first  to  draw  conclusions  from  thin  sections,  in 
the  large  way,  as  to  the  origin  of  coal.  In  his  well  known  paper 
in  the  Contemporary  Review,  published  in  1870,  he  states  his  con- 
clusions as  to  the  composition  of  the  '' Better  Bed"  seam  of  York- 
shire. They  were  to  the  effect  that  coal  in  the  main  consists  of 
the  sporangia  or  spores  of  lycopodiaceous  plants,  the  spores  being 
of  the  same  general  character  as  commercial  lycopodium,  but  that 
leaves,  stems  and  other  tissues  make  some  contribution,  especially 
to  the  so-called  mineral  charcoal  of  the  coal.  The  presence  of 
spores  in  coal  was  known  long  before  Huxley's  announcement. 
Several  years  earlier,  Carruthers  had  declared  that  some  coal  seams 
of  considerable  thickness  are  almost  entirely  made  up  of  spores, 
but  to  the  paper  in  question  the  credit  is  due  of  making  the  first 
significant  use  of  the  presence  of  spores  as  revealed  in  the  thin 
section.  The  claim  that  was  based  on  the  facts  was  undoubtedly 
too  general  and  sweeping,  and  contradictions  came  thick  and  fast 
from  all  coal  fields.  The  question  has  remained  about  in  this  con- 
dition until  the  present  year,  when  a  well  marked  advance  has 
been  made.  In  May  last,  Mr.  Edward  Wethered  read  before  the 
Royal  Microscopical  Society  of  Great  Britain  a  paper  *^0n  the 
Structure  and  Origin  of  Carboniferous  Coal  Seams."  In  this  paper, 
to  which  I  acknowledge  great  indebtedness,  he  records  the  results 
of  the  microscopic  examination  of  several  well-known  coal  seams 
of  Great  Britain  that  were  treated  differentially.  Recognizing  the 
compound  structure  of  every  considerable  seam,  to  which  I  have 
already  called  your  attention,  he  adjusted  his  methods  to  the  facts. 
Obviously  it  is  as  unsafe  to  draw  conclusions  as  to  the  physical 
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Btractare  of  an  entire  seam  from  a  microscopic  examination  of  a 
single  layer  as  it  would  be  to  dedace  its  chemical  composition  from 
the  analysis  of  a  like  fraction  of  a  seam. 

Taking  several  well  known  coal  seams  of  the  British  fields  Mr. 
Wethered  has  made  a  detailed  examination  of  them,  inch  by  inch 
and  foot  by  foot,  and  the  results  are  most  instructive. 

Ten  inches  of  tb«  uppermost  portion  of  the  Better  Bed  of  Brad- 
ford, the  seam  which  furnished  the  foundation  for  Huxley's  paper, 
submitted  to  such  examination,  are  reported  as  follows : 

^^ Within  the  first  two  inches  from  the  top,  largely  made  up  of 
macrospores  and  microspores. 

^^Three  inches  fix>m  the  top,  spores  less  numerous.  The  mass 
largely  made  up  of  hydrocarbon  and  decomposed  vegetable  tis- 
sue. 

*'Four  inches  from  the  top,  spores  again  numerous  but  do  not 
constitute  the  whole  mass. 

*  ^Between  four  and  five  inches  from  the  top,  spores  less  numer- 
ous ;  vegetable  tissue  occurs  generally  carbonized. 

^^Between  six  and  seven  inches  from  the  top,  spores  form  but  a 
small  portion  of  the  coal ;  it  is  mainlj'  made  up  of  tissue  and  hy- 
drocarbon. 

"Eight  inches  from  the  top,  spores  scarce.  Coal  made  up  of 
tissues  in  various  stages  of  decomposition. 

*'Nine  inches  from  the  top,  a  few  spores  noticed.  The  coal 
practically  made  up  of  tissue  and  hydrocarbon. 

"Ten  inches  from  the  top,  spores  continue  scarce." 

In  other  words,  spores  constitute  the  bulk  of  the  coal  only  in 
the  uppermost  three  or  four  inches. 

A  section  of  the  Splint  Coal  Seam  from  the  Whitehill  Colliery 
near  Edinburgh  gives  the  following  record : 

**Splint  coal,  dull  luster 

1  ft.  10  in. 


with  a  few  bright  layers, 

**Ilough  coal,  bright  and  dull 

lustrous  laj'ers  alternating, 


"Lower  Splint,  dull  lustre, 
with  thin  bright  layers, 


10  inches. 


4  inches. 


Mass  of  spores  and 
spore  cases. 

Hydrocarbon  in  the 
bright  and  a  few 
spores  in  dull 
layers. 

The  dull  lustrous 
layers  a  mass  of 
spores.  Bright  lay- 
ers, hydrocarbon. 


■ 

Qocis  slLowin^.  bat  tiie  fat'C*  giv^a  attji^dft  tjijjeu;  v^i;^  ^I'^tj  Imif^- 
tance  UL  eottl  llbmiaJUioa. 

This  Iu3«  of*  pcodl«flft$  wttb  OS  i3^  ife^  ool v  iitt;i:ui;:^l><vl  bati  b^u  i^!^/^ 
yet  been  Curij  begun. 

I  hare  alreaiij  e^Eceedeil  llie  proper  UtttU*  of  ^kik  ?i^UU*v*i  v^'  ^bi* 
character  and  mast  hasten  to  an  abm|>t  co^ttVLU^k^i^^  V^\i.fc>.!^  wi;!;)^- 
oat  mention  several  questions  of  llki^  rangt^  auvl  iut<i^¥%^l  \ku^  ^)^n&^ 
already  raised. 

I  hare  passed  in  brief  and  incomplHe  r^vi^\^  i^i^  UM)Kxii'UMt  sU\^ 
sion  of  geological  science  and  have  been  oblJgt>d  to  vHM^t'^^is*  hI  ^\^\y 
tarn  the  presence  of  questions  niot^  or  I^h^  »t>v)oM«  to  yi\\M\  i^u* 
answers  are  as  jet  fragmentary  and  unsiatUf^etory  Hud  to  «iMMt^  of 
which  we  make  no  response.  The  econoudu  »lil©  of  X\\f^  gm^logy 
of  coal  has  been  well  developed  among  ua,  but  iu  vt>g*^nl  tu  ii*i 
scientific  geology,  aside  from  paleo-boluny,  while  tht*  Imrvutit  ia 
plenteous,  the  laborers  are  few.  Let  un  hope  tlmt  uiune  tif  uur 
younger  associates,  equipped  with  all  the  inntruumntH  uf  iiunleru 
research,  will  be  attracted  to  this  inviting  field. 

If  I  seem  to  any  to  have  betrayed  the  weiikneH«  of  our  poHitiMU 
in  these  frank  confessions,  I  will  simply  remind  you  tlmt  theme  eon- 
fessions  are  intended  for  the  initiated  and  not  for  the  prufufum 
vulgu8. 

Compared  with  the  full  and  rounded  knowU'^lge  of  the  field  to 
which  we  aspire  and  to  which  science  in  nUimlWy  and  swiftly  mQV- 
ing  forward,  all  the  truths  that  we  now  hold  futuM  Ut  Ui»  hm  the 
scattered  pebbles  on  tlie  \Htiu:\i  while  the  vai^t  iH'Mtm  bt^^'t'J/ti^  b-e- 
fore  us  untraverM.'d  and  tiukuo^u  ;  but  coiu|mr4^d  wUh  U^  la/tk  </f 
knowledge  and  t^fAt-^mhhUmi  ih<i^jry  Ihait  fAiJuk^>lhe  t^^Hij^ht^ '^f 
all  otlier  men  ui^ju  th<rj^<j  q»j<r'j&tJon¥,  our  kj;*ov»  Itxi^e  *e«?«.i*  4?y^'Ai  Uj 
oariMflvec  laiy*?  atiid  Junj'/^'/u*, 

The  gj-^al  Kw^  '^b  <^i^^sJWr.  Eobtrtl  Hn.L  fcom^itu^*  f* 'I  iuW 
fits  of  det4pyb'.i*'ijvv  %\}.»'ii  u*.  fcur^»»^^yj  ti»<:  i:\'it'  tiaut  b*-j^ui uUi<i  u'^t^ 
aermone  fn^iu  bl^  ici^iLit^  uti^'J  at  «u''0  titu^t  it  i>^'Ui«^Ci  Vv  u  U'  t^Lut 
be  oould  ue>tir  t?iiU*^i  lu*-  in-  ;^  I  v.;'i./ii.  Ju  vut^  vf  I^u^jm,'  UKi<^:it.  ue 
invtt#ecl  a  i^ovci  uiviu*;!  ?"-^Hi  lu^  ovuimj^'  ig  u'.«vM;bt  lu^  Jy^ijC»vu 
oongri^^uliiou  uuci  but  '^v  uii'^i  itiU-in.-'j  wi-  i*  luv  b*?  l-i.vmi'.WAMil 
orator,  rudiuut  o\«:t  li»«-  )v**i''  o;»jiV»"*tn:i' \    tuuttuii.lttj^  i.'   luj-  UitV/U- 

Hi.  Hull  iieUfwi'V    UU\Ur^*:i    Hit  *iU*j*i.{Ai'^     \vt    Uit   ^\AH    ^Ui:   bi^i  U<VU 
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had  done  him  and  assured  him  that  he  himself  was  now  ready  to 
begin  preaching  again. 

So,  I  suspect,  we  feel  when  Philistines  lay  unconsecrated  hands 
upon  the  ark.  To  any  of  this  class  who  should  reproach  us  with 
the  inadequacy  and  uncertainty  of  our  knowledge  in  regard  to 
coal,  for  example,  what  should  we  reply  ? 

We  should  answer  in  terms  somewhat  like  these :  '* As  geolo- 
gists, we  know  where  coal  lies  in  the  great  column,  100,000  feet 
thick,  of  the  stratified  rocks  of  the  earth's  crust.  Show  us  the 
fragments  of  a  leaf  of  a  land-plant,  the  tooth  or  scale  of  a  fish, 
the  broken  valve  of  a  brachiopod  shell,  the  smallest,  most  insignifi- 
cant relic  that  life  has  left  forgotten  on  the  shores  it  has  deserted, 
and  we  will  tell  you  from  this  single  fragment,  very  likely,  whether 
or  not  coal  can  lie  buried  beneath  you,  whether  you  must  ascend 
in  the  scale  or  descend  to  find  its  place,  and  how  far. 

^'As  geologists,  we  know  when  we  meet  in  the  coal  field  a  thin, 
apparently  insignificant  sheet  of  limestone,  of  a  certain  sort,  how 
far  below  it,  to  a  foot,  the  drill  must  descend  to  reach  the  horizon 
of  the  lowest  coal,  how  many  seams  can  be  passed  in  the  descent 
and  where,  what  character  of  coal  will  be  found  in  each  and  the 
thickness  of  each,  if  in  normal  development. 

''As  geologists,  we  know  of  what  coal  is  composed.  We  know 
that  it  was  formed  from  vegetable  growth.  We  know  the  approxi- 
mate place  in  the  vegetable  kingdom  of  the  plants  from  which  it 
was  derived  ;  their  port  and  bearing  are  in  our  mind's  eye,  their 
graceful  fronds,  their  towering,  verdant  trunks.  We  know  their 
roots,  their  stems,  their  bark,  their  wood,  their  pith,  their  leaves, 
their  flowers,  their  fruits. 

''As  geologists,  we  know  not  only  where  and  when  the  work  of 
coal  formation  went  on,  but  we  also  know  hoto  it  went  on,  to  what 
agent  it  was  due.  The  essential  work  was  done  in  that  wonderful 
laboratory,  the  vegetable  cell ;  it  was  primarily  due  to  the  energy 
of  the  rays  of  the  sun,  'of  this  great  world,  both  eye  and  soul.' 
For  millenniums  of  millenniums,  those  potent  floods  of  light  and 
heat  were  poured  down  upon  the  Carboniferous  swamps.  They 
were  absorbed  there  in  the  processes  of  plant  growth,  were  locked 
up  in  leaf  and  stem  and  spore,  and  in  this  state  were  buried  be- 
neath the  sediments  which  the  sea  strewed  far  and  wide  over  the 
old  marshes.  They  are  at  last  converted  into  stone,  become  a 
part  of  the  earth's  rocky  crust  and  are  henceforth  subject  to  all  the 
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mutations  of  this  crast,  are  elevated,  depressed,  warped,  folded 
eroded,  metamorphosed ;  but  through  all  they  retain  their  original 
nature.  They  still  contain,  literally  and  truly,  the  light  and  heat, 
the  power,  of  the  earlier  day  that  gave  them  birth.  Men  learned 
at  last  how  to  use  these  long-buried  stores  and,  under  the  discov- 
ery, the  world  springs  forward  with  a  velocity  never  dreamed  of 
before,  ^down  the  ringing  grooves  of  change.'  It  is  the  applica- 
tion of  the  power  of  coal  that  makes  it  true,  ^Better  fifty  3^ears  of 
Europe  than  a  cycle  of  Kathay.'  " 

All  these  things  we  knoxo.  Must  not  such  knowledge  ^'grow 
f^om  more  to  more  ?"  Can  we  not  be  sure  that  the  little  problems 
relating  to  coal  which  now  rise  before  us  as  unfinished  will  sooner 
or  later  find  their  solution  ? 

But  when  they  are  solved,'  will  all  be  known  ?  Nay,  verily.  Out 
of  these  old  Carboniferous  swamps,  new  questions,  larger,  deeper 
than  any  we  now  see,  will  perpetually  arise,  to  stimulate  by  their 
discovery  and  to  reward  by  their  solution,  that  love  of  knowledge 
for  its  own  sake  which  makes  us  men. 


PAPEES     EEAD. 


Apatite    deposits   in  laurentian  bocks.    By  Dr.   T.   Sterrt 
Hunt,  Montreal,  Canada. 

[ABSTRACrr.l 

The  author  noticed  the  early  history  of  the  occurrence  of  apa- 
tite in  the  Laurentian  rocks  both  of  Europe  and  North  America, 
and  its  occurrence  disseminated  in  beds  of  magnetite  at  Port 
Henry,  N,  Y.,  and  elsewhere,  as  well  as  in  true  veins  with  calcite, 
quartz,  pyroxene,  orthoclase,  magnesian  mica,  etc.,  alike  in  New 
York,  New  Jersey  and  Canada.  He  recalled  his  early  published 
accounts  of  these  in  184S,  and  the  subsequent  history  of  the 
economic  develo()ment  of  these  apatite  deposits  in  the  provinces 
of  Ontario  and  Quebec.  Besides  small  veins,  sometimes  a  few 
inches  wide,  often  cutting  the  stratification  of  the  gneiss,  are  large 
deposits,  two  hundred  feet  or  more  in  breadth,  clearly  posterior 
to  the  gneiss  in  which  they  are  included.  These,  which  have  occa- 
sionally been  traced  for  distances  of  several  thousand  feet,  are 
clearly  great  veins  and  contain  besides  the  minerals  named  above 
chalazite,  titanite,  zircon,  sphene,  pyrite  and  sometimes  graph- 
ite. Masses  of  granular  green  pyroxene,  and  others  of  an  aggre- 
gate of  this  mineral  with  orthoclase  and  quartz,  form  a  large  part 
of  the  veinstone.  At  other  times,  calcite  with  crystals  of  pyr- 
oxene, apatite  and  phlogopite,  is  the  veinstone,  or  else  a  nearly 
pure  crystalline  fluor-apatite  is  more  or  less  regularly  distributed 
in  bands  or  masses,  often  of  large  size,  among  the  other  venous 
materials. 

The  banded  or  gneissoid  structure  (often  nearly  vertical)  dis- 
played on  a  considerable  scale  in  the  aggregates  of  these  veins  is 
a  remarkable  illustration  of  the  generation  of  such  structure  in 
highly  inclined  attitudes  by  concretionary  deposition,  and  of  its  in- 
dependence of  sedimentation.  The  mining  operations  at  each  one 
of  several  mines  near  the  Lievre  river  in  the  province  of  Quebec 
are  now  yielding  from  300  to  600  tons  a  month  of  commercial 
apatite,  and  these  workings  afford  rare  opportunities  for  geognos- 
tical  study. 

(199) 
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A    PROBABLE     CAUSE     OF  THE   SHRINKAGE    OF  THE   EARTH's  CRUST. 

'    By  William  B.  Taylor,  Smithsonian  Institution,  Washing- 
ton, D.  C. 

The  widely  accepted  belief  that  the  present  irregularities  of 
stratigraphic  disposition  have  resulted  from  surface  contraction 
consequent  on  secular  loss  of  the  earth's  interior  heat,  has  of  late 
years  been  so  successfully  assailed  by  critical  estimates,  that  the 
hypothesis  can  be  no  longer  regarded  as  tenable.  The  explanation 
was  undoubtedly  based  on  a  true  cause ;  but  this  has  been  proved 
to  be  an  entirely  insufficient  one.  That  the  varied  plications  and 
uptiltings  of  the  geologic  crust  indicate  an  enormous  stress  of  lat- 
eral compression  is  too  apparent  to  be  questioned.  Some  other 
cause  for  this  great  tangential  thrust  must  therefore  be  sought 
either  to  supplement  or  to  supersede  the  theory  of  a  cooling  con- 
traction. 

Laplace's  memorable  announcement  that  the  length  of  the  sid- 
ereal day  had  not  changed  by  so  much  as  the  hundredth  of  a  second 
during  historic  times,  ^^  was  of  a  nature  to  create  some  difficulties 
for  the  physicist ;" — as  the  ingenious  Julius  R.  Mayer  remarked  in 
1848,  in  his  Celestial  Dynamics :  since  tidal  friction  ought  theoret- 
ically to  lengthen  the  day  by  some  appreciable  quantity  in  the 
course  of  2000  j'ears.  It  is  true  that  secular  contraction  by  cool- 
ing should  have  the  opposite  effect  of  shortening  the  day  ;  but  it 
could  be  hardly  supposed  that  these  opposite  tendencies  should 
just  balance  each  other ;  though  this  seemed  to  be  the  only  con- 
clusion accordant  with  astronomical  calculations. 

These  calculations  of  the  Moon's  motion  were  revised  by  Mr. 
John  C.  Adams,  of  England,  and  in  1853,  he  showed  that  a  series 
of  terms  neglected  by  Laplace  as  unimportant,  effected  a  notable 
difference  in  the  result.  lie  announced  that  with  this  correction 
only  about  one-half  of  the  moon's  acceleration  is  referable  to  the 
diminution  of  the  earth's  orbital  eccentricity  (as  declared  by  La- 
place), leaving  a  residuum  of  five  or  six  seconds  of  angular  accel- 
eration per  century  to  be  otherwise  accounted  for.^  This  bold 
statement  awakened  a  livel}'  interest  among  astronomers  and 
mathematicians ;  and  the  searching  investigations  of  a  Delaunay 

I  Phil  Trafu.  R.  5.  Jttae  16, 1353,  vol.  U4;  pp.  387-106;  and  iioiUhly  Noticu,  B,  Ait, 

Sqg.  vol.  u,  pp.  w-ea. 
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in  France,  and  of  a  Cayley  in  England,  gave  in  each  case  a  full  and 
independent  confirmation  of  Adams'  conclusions.  It  was  accepted 
at  once  that  this  residual  amount  of  lunar  acceleration  is  only 
apparent ;  that  it  is  really  due  to  the  continued  retardation  of  the 
earth's  rotation  by  tidal  friction ;  and  thus  the  anticipations  of 
the  physicist  were  fully  corroborated  by  the  later  calculations  of 
the  astronomer.  As  Sir  William  Thomson  has  stated  :  ^'The  tides 
must  tend  to  diminish  the  angular  velocity  of  the  earth's  rotation  ; 
and  this  tendency  is  not  counterbalanced  to  more  than  a  very  mi- 
nute degree  by  the  tendency  to  acceleration  which  results  from 
secular  cooling  and   shrinkage."^ 

Mr.  George  Darwin  who  has  largely  discussed  the  problem  of 
the  tidal  effects  on  terrestrial  rotation  from  a  remote  past,  remarks : 
*^  The  ellipticity  of  figure  must  have  been  continually  diminishing, 
and  thus  the  polar  regions  must  have  been  ever  rising,  and  the 
equatorial  ones  falling ;"  but  concerning  these  changes,  he  adds, 
"  they  might  quite  well  have  left  no  geologic  traces."  ^  But  the 
question  occurs  —  have  they  not  indeed  left  very  important,  very 
radical  geologic  traces?  Is  not -their  history  written  in  every 
range  of  mountain  folds,  in  every  series  of  corrugated  rocks? 
If  we  may  venture  to  carry  backward  geological  chronology  to  an 
epoch  when  the  day  was  but  one-fourth  of  its  present  terra,  when 
the  equatorial  radius  was  one-tenth  greater  than  it  now  is, — when 
therefore  the  equatorial  bulge  was  396  miles  higher  than  at  pres- 
ent, and  the  polar  regions  658  miles  lower, — we  should  have  a  con- 
dition of  the  earth's  crust,  probably  quite  competent  to  have 
produced  by  continual  collapse  and  compression  throughout  the 
greater  portion  of  the  terrestrial  surface,  all  those  cortortions, 
foldings  and  dislocations  which  form  the  groundwork  of  our 
structural,  dynamical  and  physiographical  geology. 

George  Darwin  in  a  supplementary  discussion  makes  the  gener* 
alization, — **  There  can  be  little  doubt  tiiat  on  the  whole,  the 
highest  mountains  ftre  equatorial."^  And  yet  (remarkably  enough) 
he  does  not  in  any  way  associate  this  with  the  diminution  of  the 
earth's  oblateness ;  refemng  the  phenomenon  rather  to  the  maxi- 
mum influence  of  tidal  friction  or  resistance  in  the  terrestrial 
crust,  over  the  middle  latitudes. 

s  Nat,  PkUo9. 1867,  Tol.  1,  eec.  880,  p.  686. 

>  PhiU  Trani,  E.  S.  Dec.  19, 1878,  vol.  170,  p.  632. 

«  Phii,  Tram,  (same  yol.)  P*  S80. 
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Mr.  Osmond  Fisher,  apparently  the  only  writer  who  has 
pointed  out  that  the  diminution  of  oblateness  ought  to  have  pro- 
duced some  appreciable  effect  on  the  conformation  of  the  earth's 
surface,  concludes:  ^^ There  is  however  no  apparent  reason  to 
connect  the  inequalities  with  this  cause."^ 

Dr.  Arnold  Guyot,  in  a  paper  on  the  "  Earth,"  has  remarked  : 
"  On  the  whole,  the  reliefs  begin  with  the  vast  low  plains  around 
the  polar  circle,  and  go  on  increasing  from  the  shores  of  the 
Arctic  Ocean  toward  the  tropical  regions.  The  highest  elevations 
however  are  not  found  at  the  equator,  but  north  of  the  Tropic  of 
Cancer,  in  the  Old  World  (in  the  Himalayas,  28°  N.  lat.)  ;  and 
north  of  the  Tropic  of  Capricorn  in  the  New  World  (in  the  Andes 
of  Bolivia,  16°  S.  lat.)."^  And  also,  "the  ocean  basins  become 
less  deep  toward  the  north  pole,  just  as  the  lands  become  lower 
toward  the  same  region."^  Does  not  this  impartial  testimony 
form  a  most  suggestive  though  unconscious  indication  of  the  secret 
cause  of  orogenesis,  leading  us  to  recognize  in  the  wrinkles  of 
our  aged  globe  the  monuments  of  that  strange  infancy  of  the  dis- 
tended planet,  when  the  day  of  but  three  hours'  duration,  alter- 
nated  with  as  short  a  night? 


The  recently  discovered  sources  of  natural  gas  and  petro- 
leum IN  northwestern  Ohio.  By  Prof.  Edward  Orton, 
State  Geologist  of  Ohio,  Columbus,  0. 

[ABSTRACT.] 

Within  the  last  year,  a  new  horizon  of  high  pressure  gas  has 
been  discovered  in  Ohio.  The  field  is  located  in  Hancock,  Wood, 
Allen  and  Sandusky  counties,  so  far  as  now  developed.  Findlay 
is  the  main  centre  of  present  production  and  a  description  of  its 
wells  will  give  the  general  features  of  the  field. 

The  surface  rock  of  the  district  is  either  the  Niagara  limestone 
or  the  waterlime.  The  drill  descends  through  260  to  400  feet  of 
nearly  solid  limestone,  including  the  formations  named  above  and 
also  the  Clinton  limestone.    The  lower  part  of  the  Clinton  forma- 

»  Physics  of  the  Earth's  Cnut,  1881,  chap.  14,  p.  183. 
*Johnion't  Cycloposdiaf  vol.  1,  p.  1155.  '  Same  work,  vol.  3|  p.  018. 
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tion  is  often  shale  and  sometimes  the  whole  of  it  has  this  consti- 
tution. 

Below  the  divisions  already  named,  800  to  1,000  feet  of  shale 
are  found,  divided  by  the  driller  into  red,  gray  or  blue  and  black 
shales.  The  upper  division  ranges  from  50  to  200  feet  in  thick- 
ness and  is  prevailingly  but  not  uniformly  red  in  color.  It  is  non- 
fossiliferous  and  destitute  of  calcareous  matter.  The  second 
division  consists  of  300  to  400  feet  of  gray  or  grayish-blue  shale, 
highly  calcareous  and  charged  with  fossils^  some  of  the  fragments 
of  which,  as  found  in  the  drillings,  are  identifiable.  The  lowest 
section  is  a  mass  of  dark  brown  or  bluish-black  shale,  fairly  homo- 
geneous in  character,  sparingly  fossiliferous  and  carrying  a 
notable  percentage  of  lime. 

The  gas  is  found  in  a  sheet  of  solid,  impure  limestone  which 
the  drill  has  penetrated  for  500  feet  without  going  through.  The 
gas  belongs  in  the  uppermost  beds  and  no  increase  of  supply  has 
been  found  after  going  below  twenty  feet  in  the  limestone. 

The  interpretation  of  the  section  is  clear  and  unambiguous. 

The  red  shale  is  of  Medina  age ;  the  blue  section  is  unmistak- 
ably Hudson  River,  as  shown  by  its  fossils  as  well  as  by  its  lithol- 
ogy  and  its  place  in  the  scale.  In  the  same  way  the  black  shale 
is  known  to  be  Utica.  The  most  characteristic  fossil  of  the  Utica, 
viz.,  Leptobolus  insignia,  Hall,  has  been  found  in  the  drillings. 
The  gas  rock  is  the  uppermost  division  of  the  Trenton  limestone. 

The  relation  of  tlie  new  territory  to  the   Cincinnati  anticlinal 
deserves  to  be  noted.    The  top  of  the  Trenton,  limestone 
At  Findlay  is  310  feet  below  ocean  level. 

At  Bowling  Green,  387     "         "         "         *' 

At  Lima,  446    *'         "         "         »' 

AtFostoria,  471     "         "         "         " 

At  Fremont,  696    "         "         "         " 

The  axis  of  the  arch  is  ihus  shown  to  be  thirty  miles  or  more 
west  of  the  line  previously  laid  down  for  it,  and  thus  far  the  pro- 
ductive territory  is  found  on  the  top  of  the  arch.  No  general  con- 
clusions are  to  be  drawn,  however,  from  this  occurrence,  as  the 
number  of  instances  is  still  too  small  to  be  used  in  drawing  a  con- 
clusion. 

The  gas  carries  a  small  amount  of  hydrosulphuric  acid,  by 
which  its  presence  in  minute  quantities  is  readily  detected.  It  is 
of  fair  illuminating  quality. 
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The  wells  of  FIndlaj  are,  at  present,  six  in  nnmber.  Their 
daily  flow  has  been  measured  by  the  anemometer.  According  to 
this  method  of  measurement,  the  yield  of  one  of  the  smaller 
wells  is  82,000  cubic  feet  per  diem^  and  one  of  the  larger  wells  was 
found  to  yield  1,294,000  cubic  feet.  The  total  daily  product  of 
the  Find  lay  wells  probably  ranges  between  3,000,000  and 
4,000,000  cubic  feet. 

Petroleum  in  notable  quantities  has  been  found  in  the  same 
(horizon,  both  at  Lima  *and  al  Findlay.  The  oil  is  dark  colored, 
iknown  as  "  black  oil,"  has  a  gravity  of  35**  to  36**  B,  and  is  not 
thigh  in  lubricating  quality.  It  has  also  an  offensive  odor,  owing 
to  sulphur  compounds  present  in  it.  It  has  not  yet  been  shown 
that  tiie  production  can  be  made  large  or  reliable  or  that  the  oil 
will  be  of  considerable  commercial  value. 

The  conclusion  that  the  oil  and  gas  are  derived  from  the  lime- 
stone seems  necessary.  Attention  is  called  to  the  fact  that  all  of 
the  limestone  oils  are  black,  sulphurous  and  of  about  35**  gravity. 

A  new  horizon  of  these  substances  and  an  entirely  unexpected 
.one  is  thus  added  to  the  Ohio  scale.  The  Berea  grit  is  the  source 
.of  all  the  main  supply  of  gas  in  eastern  Ohio  and  also  of  the  oil 
lin  the  only  field  of  Ohio  in  which  the  production  attains  impor- 
tance, viz.,  the  Macksburg  Held.  The  Berea  grit  is  also  believed 
to  be  the  source  of  the  high  pressure  gas  of  Pittsburgh.  But 
•here  we  And  a  lower  Silurian  limestone,  yielding  both  gas  and  oil 
;and  the  former  in  valuable  amount. 


IDlflCOVERT   OF    FOSSILIFEROUS  POTSDAM   STRATA   AT   POUGHKEEPSIB, 

N.  Y.     By  Prof.   William    B.  'D wight,  Yassar    College, 
Poughkeepsie,  N.  Y. 

[ABSTRACT.] 

The  presence  of  rocks  of  the  Potsdam  group,  in  association  with 
the  limestones  and  shales  of  Dutchess  Co.,  N.  Y.,  has  long  been 
fluspected  on  stratigraphic  grounds,  but  until  the  present  time  this 
fact  has  never  been  proved  by  positive  paleontological  evidence. 

Stratified  quartzite  rocks,  lying  between  the  Archaean  at  the 
'bases  of  Stissing  and  Fishkill  Mountains  and  the  overlying  Cal- 
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ciferoas  and  Trenton  limestones,  have  been  referred  by  Professors 
Mather,  J.  D.  Dana  and  others  to  the  Potsdam  epoch,  on  these 
evident  stratigraphical  grounds.  But  neither  the  search  of  former, 
nor  of  recent  days,  has  revealed  any  fossils  by  which  this  most 
reasonable  hypothesis  might  be  established. 

I  am  not  aware  that  any  special  attention  has  been  given  to  the 
possible  occurrence  of  Potsdam  strata  among  the  limestones  of  the 
county. 

The  observations  recently  made  in  the  Wappinger  valley  (or 
^'  Barnegat")  limestones,  have  proved  them  to  represent,  contin- 
uously and  extensively,  conformable  strata  of  the  Calciferous  and 
Trenton  groups.  In  carrying  out  the  work,  in  which  I  have  been 
for  several  years  engaged,  of  preparing  a  detailed  stratigraphical 
chart  of  this  district,  on  April  25  of  this  3^ear,  I  struck  a  l^dge  of 
rock  in  the  midst  of  the  Wappinger  valley  limestone  belt,  which 
proved  rich  in  Potsdam  fossils. 

This  remarkable  locality  is  on  an  estate  belonging  to  Mr.  A. 
K.  Smiley,  Proprietor  of  the  "  Lake  Mohonk  House ;"  it  is  in  the 
outskirts  of  the  city  of  Poughkeepsie,  about  one  mile  southwest  of 
Vassar  College,  850  feet  southerly  from  the  southwest  corner  of 
the  Driving  Park,  and  2200  feet  west  of  the  road  leading  southerly 
from  the  same.  The  Potsdam  rocks  are  here  found  in  a  series  of 
low  hills  or  ridges,  trending  northeasterly  and  southwesterly  ;  but 
the  most  interesting  paleontological  features  are  found  in  the 
northernmost  one.  This  is  about  300  feet  in  width  and  1,400  feet 
in  length.  It  is  mostly  covered  with  soil,  the  ledges  of  rock  crop- 
ping out  so  slightly  that  it  would  never  have  attracted  my  atten- 
tion, but  for  occurring  within  tiie  range  of  a  systematic  survey. 

Lithologically,  the  rock  is  here  very  variable.  It  is  every 
where  calcareous,  all  its  varieties  effervescing  freely  with  acids. 
It  is  also  everywhere  more  or  less  arenaceous,  often  conspicuously 
so ;  from  being  compact  and  massive,  it  changes  to  a  rock  fissile 
into  thin  slabs,  or  to  one  splitting  into  the  thinnest  leaves,  which 
are  covered  with  loose  sand  as  they  decompose. 

This  rock  passes  on  the  one  hand  into  a  smooth,  fine-grained, 
argillaceous  limestone,  and  then  into  a  very  fissile  calcareous 
8hale,.or  on  the  other  hand,  into  a  quartzite,  somewhat  calcare- 
ous. 

The  strata  have  a  general  strike  of  N.  21°  East,  and  a  dip  of 
about  55°  easterly.    Much  of  the  Hudson  River  shale  in  the  vicin- 
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ity  of  these  Potsdam  rocks  has  a  strike  of  about  N.  46**  E.  Pots- 
dam fossils  occur  in  considerable  abundance  in  few  of  the 
more  northern  of  the  hills ;  but  the  richest  locality  found  is  the 
most  northeastern  one.  No  fossils  have  yet  been  seen  in  these 
strata,  south  of  Mr.  Smiley's  estate,  excepting  stromatocerium 
which  is  abundant  in  many  of  the  exposures  of  these  rocks. 

In  order  to  determine  the  true  stratigraphic  relations  of  these 
strata,  I  have  made  a  special  and  detailed  examination  at  this 
place,  of  a  district  covering  about  a  mile  and  a  half  square,  and 
embracing  an  extension  of  primordial  strata  of  about  one  mile  and 
a  quarter  along  the  strike.  Before  describing  the  general  results 
of  this  research,  it  should  be  stated  that  this  Potsdam  rock  is  one 
of  the  component  members  of  the  most  western  and  by  far  the 
broadest  of  three  parallel  belts  of  the  Wappinger  valley  limestones 
which  in  this  part  of  the  valley  rise  between  the  Hudson  river 
shales.  In  general,  all  these  limestones  and  shales  lie  in  a  series 
of  abraded  folds,  having  usually  a  conformable  strike  of  from  N. 
20°  E.  to  N.  80°  E.  These  folds  are  closely  compressed,  and 
pushed  over  to  the  west,  so  that  tlie  earlier  limestones  usually  over- 
lie by  inversion,  the  later  shales  lying  to  the  west  of  them. 

The  particular  belt  of  limestone  which  contains  this  Potsdam  is 
about  3500  feet  in  transverse  width,  at  the  northern  portion  of  the 
district  under  consideration,  and  6000  feet  in  width  at  the  southern 
portion.  This  belt  terminates  towards  the  north,  quite  abruptly, 
along  an  almost  straight  line  which  cuts  at  apparently  a  right 
angle  to  tlie  strike.  This  line  runs  through  the  south  side  of  the 
Driving  Park.  To  the  north  of  the  latter  enclosure,  a  few  hun- 
dred feet  away,  in  place  of  hills  of  limestone,  there  rise  hills  of 
Hudson  River  shale,  which  continue,  unbroken,  northerly  for 
many  miles.  There  is  thus  evidently  here  a  line  of  fault  across 
the  strike,  between  the  Hudson  River  Shale  on  the  north,  and  the 
Potsdam,  Calciferous  and  Trenton  limestones,  on  the  south.  The 
intervening  space  is  well  marked  by  bogs  and  springs,  and  by  a 
level  belt  of  ground. 

The  stratigraphic  relations  of  the  western  margin  of  the  belt  of 
Potsdam,  have  proved  far  less  obvious  than  those  of  the  northern 
extremity.  But  after  long  and  careful  inspection,  a  correct  solu- 
tion, as  I  believe,  has  been  reached.  At  the  northern  end  of  the 
Potsdam  strata,  immediately  to  the  west  of  the  fossiliferous  hill, 
is  another,  and  parallel  hill,  whose  western  base  is  about  800  feet 
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from  the  western  margin  of  the  first  one ;  it  is  also  an  arenaceous 
limestone, running  in  many  places  into  a  brecciated  conglomerate. 
A  careful  consideration  of  all  the  evidence  has  made  it  clear  that 
this  hill,  and  its  extension  to  the  southwest,  also  belong  to  no 
other  than  the  Potsdam  group.  Close  to  the  western  base  of  this 
second  hill,  is  an  outcrop  of  the  Hudson  River  shales,  which  from 
this  point  extend  unbroken  (unless,  perhaps,  by  some  strata  of 
Utica  slate)  to  the  Hudson  river  on  the  west.  This  hill  of  shale, 
stretching  to  the  southwest  for  half  a  mile,  is  everywhere  within  a 
few  feet  of  the  limestone,  and  separated  from  it  either  by  a  chain 
of  ponds  or  by  a  deep,  dr}*^  gully.  About  half  a  mile  to  the  south- 
west, the  shales  sink  into  a  broad,  level  plain,  everywhere  skirt- 
ing on  the  west  the  limestone  which  now  forms  a  somewhat  bold 
continuous  ridge,  though  mostly  covered  with  drift. 

It  becomes  evident,  therefore,  that  on  the  west,  as  well  as  on  the 
north,  there  is  actual  contact  between  the  Potsdam  to  the  east, 
and  the  Hudson  River  Shale  to  the  west ;  and  that  the  straight 
line  of  fault,  nearly  parallel  with  the  strike,  is  clearly  marked  by 
the  physical  features  of  the  ground. 

A  tine  locality  for  studying  these  phenomena  is  on  the  west  side 
of  the  farmhouse  of  Mr.  T.  A.  Hinkle,  and  thence  a  quarter 
of  a  mile  or  more  southward.  The  direction  of  the  line  of  faulting 
appears  to  be  about  N.  40°  E.  The  Potsdam  strata  near  the  line 
of  contact  are  very  generally  deflected  so  as  to  have  less  easting, 
their  strike  in  such  places  being  from  N.  4°  E.  to  N.  11°  E.  On 
the  other  hand,  to  a  large  extent,  the  Hudson  River  shales  incline 
to  acquire  more  easting  in  the  strike,  in  the  vicinity  of  the  plane 
of  contact.  In  such  places  they  have  very  commonly  a  strike  of  N. 
46°  E.  These  shales  near  the  contact  are  also  (as  at  Hinkle's 
house)  elevated  to  a  nearly  vertical  position,  the  usual  dip  being 
not  teore  than  50°  or  60°. 

This  fault  is  the  more  interesting,  because  it  is  evidently  related 
to  the  great  fault  described  by  Sir  William  Logan  and  Professor 
James  Hall,  as  extending  from  Quebec  to  the  Hudson  River  near 
Rhinebeck.  If,  as  seems  likely  by  the  latest  evidence,  this  should 
rather  be  regarded  as  a  series  of  more  or  less  parallel  faults,  the 
present  one  would  be  the  most  southern  of  the  series  yet  de- 
scribed. 

The  limits  of  this  strip  of  Potsdam  on  the  eastern  side,  I  have 
found  it  impossible  at  present  to  determine  with  certainty.    That 
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Calciferous  and  Trenton  strata  occapy  a  large  portion  of  this 
limestone  belt  to  the  east  is  quite  certain  ;  and  in  at  least  one  lo- 
cality on  its  extreme  eastern  margin,  Trenton  fossils  are  present 
in  abundance.  But  the  general  absence  of  fossils  and  the  fact  that 
a  great  depth  of  drift  covers  the  larger  part  of  the  rock,  make  it 
difficult  to  ascertain  the  boundary'  lines  of  these  strata.  The  true 
width  of  the  Potsdam  is  therefore  unknown  ;  the  minimum  width 
of  the  compressed  folds  known  to  belong  to  this  formation,  as  we 
measured  on  the  surface  of  the  ground,  is  over  600  feet. 

From  this  locality  I  have  already  collected  over  500  fossils,  many 
of  which  are  imperfect  and  fragmentary,  but  some  of  which  are  in 
^  a  very  perfect  condition.      There  is  no  doubt  as  to  the  presence 

among  them  of  several  well  known  Potsdam  fossils,  and  all  the 
specimens  appear  to  belong  to  the  same  geological  horizon.  Not 
a  single  Calciferous  nor  Trenton  fossil  has  yet  appeared  among 
the  hundreds  here  collected.  These  organisms  will  require  a  very 
careful  study  before  any  complete  list  of  them  can  be  given. 

The  following  preliminary  statement  will  indicate  their  nature 
in  general. 

1.  Lingulepis  pinniformis ;  several  specimens  of  both  valves, 
some  of  which  are  quite  perfect. 

2.  Lingulepis  minima;  many  specimens  of  both  valves. 

3.  Lingulepis  acuminata;  several  good  specimens. 

4.  Obolella  (lingulella)  prima;  several  specimens. 

5.  Obolella,  a  minute  species  resembling  *'*'  nana ;"  several  spec- 
imens. 

6.  Platyceras ;  undescribed  species  ;  two  specimens. 

7.  Remains  of  small  encrinal  columns  ;  several. 

8.  Ptychoparia  (Conocephalites)  ;  n.  sp.,  resembling  lowensis, 
but  possessing  an  occipital  spine  ;  two  or  three  glabellas  and  pygidia. 

9.  Dicellocephalus ;  two  or  more  species,  undetermined ;  num- 
erous fragmentary  specimens. 

10.  Ptychaspis ;  one  or  more  undetermined  species ;  several 
specimens. 

11.  Stromatocerium ;  undetermined;  abundant. 

The  more  abundant  of  the  fossils  are  the  Lingulepis  minima 
and  the  movable  cheeks  of  trilobites. 

It  will  be  observed,  as  has  been  suggested  to  me  by  Mr.  R.  P. 
Whitfield,  that  the  fauna  of  this  locality  forms  a  connecting  link 
between  the  Potsdam  fossils  of  the  Appalachian  region  and  that  of 
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the  more  western  states.  Thus,  the  Lingulepia  pinni/ormis  of 
Wisconsin  and  other  western  localities  is  here  mingled  with  Xm- 
gulepis  minima  and  acuminata  of  New  York  state. 

It  may  also  be  remarked  that  the  faunaof  this  Ponghkeepsie  local- 
ity, so  far  as  now  known,  is  entirely  different  from  that  of  the  pri- 
mordial strata  recently  discovered  by  Mr.  S.  W.Ford  at  Schodack 
Landing  and  other  places  in  the  town  of  Stuyvesant,  N.  Y.  From 
these  localities,  lying  about  fifty  miles  to  the  north  of  Pough- 
keepsie,  Mr.  Ford  reports,  in  the  American  Journal  of  Science 
for  July,  1884,  the  following  eleven  species  :  ^ 

Paleophycus  incipiens^  Obolella  crassa^  Slenotheca  rugosa^  Hyo- 
lithes  Amerioanus  and  impar^  Hyolithellus  micans^  Microdiscus 
lobatus  and  speciosus^  Conocoryplie  trilineata^  Olenellus  asaphoides 
and  Fordilla  Troyensis. 

The  distinctive  character  of  the  two  faunas  is  at  once  apparent, 
the  former  representing  probably  a  later,  and  the  latter  an  earlier 
stage  of  life. 

The  discovery  of  the  presence  of  fossiliferous  primordial  rocks 
among  the  Wappinger  valley  limestones,  while  adding  an  ex- 
tremely interesting  feature  to  the  geology  of  the  region,  contrib- 
utes another  complication  to  the  difficult  task  of  mastering  the 
stratigraphy  of  Dutchess  county. 


Sources  op  trend  and  crustal  surplusage  in  mountain 
STRUCTURE.  By  Prof.  Alexander  Winchell,  University  of 
Michigan,  Ann  Arbor,  Mich. 

1.  The  oldest  mountain  ranges  and  the  other  physiographic 
features  depending  on  these  exhibit,  generally,  a  trend  which  is 
approximately  north  and  south.  That  the  whole  terrestrial  sur- 
face is  marked  predominantly  by  general  trends  having  a  subme- 
ridional  direction  readily  appears  from  an  inspection  of  a  map  of 
the  world.  There  are,  it  is  true,  many  transmeridional  trends  as 
the  Himalayas ;  but  these  are  late  geological  features  and  not 
primordial.  Still,  Asia  is  shown  to  be  deeply  impressed  by  me- 
ridional trends  in  its  north  and  south  bays  and  river  valley's. 
If  the  continent  were  sunken  a  few  hundred  feet,  the  Arctic  and 
the  Indian  oceans  would  meet  each  other  along  these  meridional 
depressions. 

A.  A.  A.  S.,  vol.  XXXIV.  U 
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2.  The  cause  or  causes  of  this  meiidionalitv  must  date  from 
the  earliest  periods  of  the  earth's  incrustive  history ;  since  geol- 
ogy shows  that  the  grand  orographic  and  continental  and  oceanic 
features  were  marked  out  as  early  as  the  existence  of  the  first 
germs  of  the  modern  saliences  of  the  terrestrial  crust,  and  in 
their  trends  no  great  changes  appear  to  have  taken  place.  These 
trends  are  profound  and  overruling  features  in  all  the  geological 
history  of  the  world.  It  is  incumbent  on  geology  to  seek  their 
causes.  But  since  the  cause  lies  in  the  remote  domain  of  facts 
now  obliterated  and  discoverable  only  by  inference  from  contem« 
porary  phenomena,  we  have  to  depart  from  the  direct  inductive 
process  in  reproducing  it  to  our  cognition.  By  such  means  we  are 
able  to  discover  two  causes  which  must  have  cooperated  in  pro- 
ducing meridional  trends. 

3.  The  first  was  lunar  tidal  influence.  It  is  now  well  under- 
stood that  a  tide  in  its  most  general  conception  is  a  prolateness  of 
a  cosmical  body  resulting  from  the  differential  attractions  ex- 
erted by  another  body  upon  its  nearer  and  remoter  sides.  It  is 
understood  that  no  known  matter  possesses  sufficient  rigidity  to 
resist  this  bodily  deformation ;  and  that  the  viscosity  of  matter 
causes  some  delay  in  the  attainment,  at  any  place,  of  the  full  pro- 
lateness  due  to  the  action  of  a  tide-producer  at  that  place.  In 
other  words,  the  tide  lags.  In  a  rotating  tide-bearer,  the  tidal 
culmination  is  behind  the  meridian  of  the  tide-producer.  In  the 
earth-moon  couple,  since  the  lagging  is  less  than  a  quadrant, 
the  tidal  protuberance  causes  an  excess  of  lunar  attraction  on  the 
tidal  side  of  the  hemisphere  turned  toward  the  moon.  This  ex- 
cess opposes  the  earth's  rotation  and  perpetually  diminishes  its 
velocity.  The  effect  of  this  will  be  considered  presently.  Recip- 
rocally, the  tidal  protuberance  acts  on  the  moon,  accelerating  its 
velocity  aud  necessitating  its  slow  recession  from  the  earth.  As 
this  recession  must  have  continued  ever  since  the  moon  existed 
as  a  separate  body,  we  must  contemplate  a  time  when  the  moon 
was  within  a  few  thousand  miles  of  the  earth,  and  revolving  in  its 
orbit  with  a  velocity  proportional  to  the  rapid  rotarj'  motion  of 
the  earth  at  that  time. 

During  the  ages  of  incipient  incrustation  of  the  earth,  the  moon 
must  have  been  in  a  position  to  exert  a  vastly  greater  tidal  influ- 
ence than  at  present.  Whatever  the  height  of  the  tide,  it  was  also 
Vilagging  tide.      On  this  the  moon  exerted  its  special  pull  in  oppo- 
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sition  to  the  earth's  rotation.  But  this  pull  did  more.  Terres- 
trial matter  was  far  from  rigid.  The  special  pull  caused  a  slight 
retral  slipping  of  the  tidal  crust.  The  slipping  extended  north 
and  south  as  far  as  the  tidal  prolateness  —  that  is,  54°  44'  north 
and  south  of  the  moon's  position.  As  the  moon  may  be  supposed 
to  have  attained  then  a  declination  of  five  degrees,  the  slipping 
action  would  be  felt  sixty  degrees  north  and  south  of  the  equator. 

The  slipping  action  produced  similar  states  in  the  disturbed 
crust  simultaneous!}^  along  the  meridian  passing  over  the  crest  of 
the  tide.  That  is,  the  movements,  the  pressures,  the  accumula- 
tions, the  internal  arrangement  of  non-homogeneous  materials 
were  all  distributed  meridionally.  With  the  repetition  of  this 
action  at  every  point,  at  every  revolution  of  the  earth,  deeply  in- 
grained meridional  structures  were  implanted  in  the  forming  crust. 
From  these  resulted  predispositions  to  meridional  distribution  of 
all  later  physical  disturbances  of  the  crust.  If  through  cooling 
and  contraction  of  the  general  mass  of  the  earth,  wrinkles  re- 
sulted in  the  crust,  they  became  disposed  longitudinally,  instead 
of  being  many  short  wrinkles,  without  determinate  trend.  In 
later  ages,  however,  oceanic  pressures  or  other  causes  may  have 
overruled  the  meridional  predisposition,  now  disguised  by  tlie 
rigidity  of  the  thickened  crust,  much  of  it  also  formed  since  the 
era  of  high  tidal  influences. 

It  will  be  noticed  further,  that  the  retral  slipping  would  be 
greatest  near  the  apex  of  the  tidal  prolateness,  and  would  di- 
minish north  and  south  in  proportion  to  the  diminution  in  the 
height  of  the  tide.  In  other  words,  the  predisposition  implanted 
would  not  be  strictly  meridional,  but  from  the  average  position 
of  the  equator  would  trend  north-northeast  on  the  north  and 
sonth-southeast  on  the  south.  This  eflect  is  traceable  in  the 
actual  configurations. 

4.  The  second  cause  of  meridional  trends  was  diminution  of 
the  earth* s  rotational  elUpticity  of  fgure.  The  equatorial  pro- 
tuberance subsided  as  rotational  velocity  diminished.  In  other 
words,  this  cause  resulted  in  a  decrease  of  the  equatorial  circum- 
ference and  an  increase  of  the  polar  circumference.  An  excess  of 
lateral  pressure  was  experienced  about  the  zone  involved  in  the 
equatorial  protuberance.  That  zone  was  of  the  same  width  as 
the  tidal  swell.  The  pressure  was  from  east  to  west.  Simulta- 
neous crustal  conditions,  therefore,  trended  from  north  to  south. 
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This  trend  was  necessarily  imparted  to  all  mechanical  disturb- 
ances of  the  crust.  The  cause  cooperated  with  direct  tidal  action 
in  determining  the  trends  of  the  great  features  of  the  earth's  sur- 
face. 

5.     These  primitive  actions  shed  light  on  the  problem  of  the 
eoDceas  of  surplusage  in  the  crustal  folds  and  plications  of  tJie  moun" 
itains.    Fisher,  Dutton  and  others  have   apparently  shown  f^om 
•calculations  that  the  cooling  of  the  earth  from  the  incrusting  tem- 
.perature  to  the  present  would  not,  by  contraction,  shorten  the 
•circumference  of  the  earth  sufficiently  to  supply  the  convolutions 
which  exist.     Clay  pole  has  indicated  from  measurements  across  a 
portion  of  the  Appalachians  that  the  convolutions  reveal  a  very 
(marked  excess  above  any  supply  attributable  to  contraction  from 
cooling.      Now  the  secular  subsidence  of  the  equatorial  protuber- 
ance may  rationally  be   assigned  as  an  adequate  cause  supple- 
.menting  contractional  influences. 

All  these  results  are  primarily  tidal,  and  show  that  in  the  phys- 
ical history  of  the  earth  the  moon  has  exerted  a  profound  modi- 
ifying  influence ;  and  lead  to  the  belief  that  in  the  history  of  the 
•moon  the  eai*th  must  have  exerted  an  influence  which  has  been 
controlling. 


'GLACIilTION    OP    THE    LaCKAWAKMA   VALLEY.        By  Prof.   JOHN    C, 

Branner,  Indiana  University,  Bloomington,  Ind. 

[ABSTRACT.] 

Explanation  of  certain  phenomena  connected  with  glaciation 
•can  best  be  sought  in  the  careful  and  detailed  study  of  small  glac- 
iated areas  and  in  connection  with  the  topography.  By  a  small  area 
is  meant  one  having  a  well  defined  topography,  such  as  the  Lack- 
awanna and  Wyoming  valleys  in  Pennsylvania  with  their  bordering 
mountains.  The  evidences  of  glaciation  are  here  seen  in  many 
places,  and  the  shales  and  sandstones  of  the  coal  measures,  the  Potts- 
ville  conglomerate,  the  Mauch  Chunk  red  shales  preserve  the 
glacial  striae  well.  Unfortunately,  the  Pocono  sandstones  which 
generally  form  the  tops  of  the  mountains  do  not  preserve  them 
well.  The  region  shown  on  the  map  was  gone  over  very  thor- 
oughly, and  very  nearly,  if  not  quite  all,  the  exposed  glaciated  sur- 
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faces  examined.  The  direction  of  striae  is  shown  by  red  arrows 
on  the  map.  Many  cases  were  observed  of  variation  in  the  direc- 
tion of  striae.  These  variations  appear  to  occur  only  where  the 
topography  has  influenced  the  direction  of  the  glacier.  The  bear- 
ing of  the  striae  in  the  Lackawanna  valley  varies  from  S.  5®  W.  to 
S.  45°W.  the  prevailing  direction  being  about  S.  20-30°  W.  In  the 
vicinity  of  Dunmore,  striae  in  one  locality  varied  from  S«  16°W.  to 
S.  42°  W. ;  a  difference  of  26°. 

Toward  the  top  of  the  conglomerate  ledge  east  of  Mocanaqua 
there  are  at  least  seven  different  bearings  discernible  in  well  de- 
fined striae.  One  of  these  points  S.  30°  E.  and  the  one  showing  the 
greatest  divergence  from  this  bears  due  west,  a  difference  of  120°. 

At  the  Nanticoke  gap  the  direction  of  the  striae  on  top  of  the 
mountain  west  of  the  village  is  S.  from  5°  to  20°  E.,  or  nearly  at 
right  angles  to  the  trend  of  the  mountain.  In  the  bottom  of  the  gap 
they  point  down  the  narrow  valley,  N.  from  70°  W.  to  due  W.,  a 
difference  of  as  much  as  130°. 

At  the  foot  of  the  steep  hill  just  north  of  the  Mocanaqua  station 
striae  vary  from  S.  10°  W.  to  S.  40°  E.  It  was  not  possible  in  all 
cases  to  determine  beyond  a  doubt  which  of  these  striae  were  made 
last.  Generally,  however,  there  is  one  set  broadly  and  deeply 
scored.  The  variation  is,  I  believe,  due  to  the  influence  of  topog- 
raphy upon  the  direction  of  the  ice  flow.  When  the  ice  was  at 
its  greatest  thickness  it  flowed  high  above  the  tops  of  the  Lacka- 
wanna mountains  which  appear  to  have  influenced  the  course  of 
the  ice  very  little  or  not  at  all.  This  may  be  seen  in  the  diagonal 
course  across  the  mountains  and  the  included  valleys.  As  the 
sheet  became  thinner  the  topographical  obstructions  had  more  and 
more  influence  until  the  glacier  became  a  purely  local  one. 

This  is  well  illustrated  at  the  Shickshinny  end  of  the  Wj'oming 
basin.  The  flow  along  Turtle  Run  was  nearly  due  west ;  but  these 
striae  are  in  a  valley  400 '  or  500 '  deep.  On  the  top  of  the  ridges 
to  the  north  striae  point  S.  20°  to  35°  and  G0°  W.  At  the  point 
above  Mocanaqua  Station  where  the  variation  in  direction  is  so 
great,  I  believe  the  flow  came  originally  over  the  top  of  the  Shick- 
shinny mountain  at  a  time  when  the  ice  was  thick  enough  to  dis- 
regard such  a  topographical  feature.  But  as  the  body  of  ice  became 
thinner  these  sharp  ridges  had  a  more  and  more  marked  effect  and 
gradually  changed  the  course  of  the  thin  ice  sheet  till  it  ran  square 
down  the  valley.    As  it  became  still  thinner  the  little  conglomerate 
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ridge  turned  it  still  further  till  it  ran  due  west.  Such  instances 
are  more  likely  to  occur  when  the  high  ridges  stand  at  a  consid- 
erable angle  to  the  flow  of  the  great  glacier. 

The  last  glacial  epoch  must  have  drawn  to  a  close  with  a  large 
number  of  small  local  glaciers. 

There  are  many  instances  of  upward  flow.  The  best  defined 
striae  are  in  such  places.  Tlie  difficulty  many  find  in  understanding 
this  so-called  ^^ upward  flow"  comes  from  imagining  the  ice  to  be 
only  a  thin  sheet,  in  which  case  it  certainly  could  not  flow  over 
hills  and  mountains.  The  physical  law  that  carries  a  glacier  over 
an  obstruction  a  foot  high  is  the  same  one  that  carries  it  over  a 
mountain  a  thousand  feet  high,  and,  in  order  to  conceive  of  and 
realize  this  movement,  we  must  simply  imagine  the  ice  so  thick 
that  the  ridges  and  mountains  are  powerless  to  influence  its  course. 
The  thicker  the  sheet  the  less  it  would  be  influenced  by  topography. 

Another  difl9culty  ma}'  be  caused  by  accepting  Hendu's  whole- 
sale definition  too  literally.  He  says  that  ^'  it  is  impossible  to  find 
in  the  glacier  a  circumstance  which  does  not  exist  in  the  river.'' 
The  transportation  of  material  is  done  in  a  very  dififerent  manner, 
the  plasticitj'  of  the  ice  pushing  the  material  along  and  holding  it 
at  the  same  time  in  its  grasp. 


Notice  of  Lingula  and  Paradoxides  from  the  red  quartzttes 
OF  Minnesota.  By  Prof.  N.  H.  Winchell,  State  University, 
Minneapolis,  Minn. 

[ABSTRACT.] 

This  paper  simply  called  attention  to  the  late  discovery  of  fos- 
sils in  a  series  of  beds  known  as  red  quartzytes  that  have  been  bj'' 
some  referred  to  the  Huronian  in  Minnesota,  with  an  exhibition 
of  specimens,  and  had  a  brief  statement^of  the  relations  of  these 
strata  to  others. 


The  qdaternaut  deposits  of  Illinois.    By  Prof."A.  H.  Worthen, 

Springfield,  III. 

[ABSTRACT.^] 

An  exhibit  of  sections  of  the  quaternary  deposits  of  central  Il- 
linois with  brief  explanations  of  the  character  of  the  beds. 

^  This  paper  will  be  published  in  fall  in  Vol.  XIII,  Geological  Survey  of  Illinoia. 
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Results  from  a  study  of  the  Gabbros  and  associated  Amphi- 
BOLiTEs  IN  Delaware.  By  Prof.  Frederick  D.  Chester, 
Delaware  State  College,  Newark,  Del. 

[ABSTRACT.] 

The  area  of  aystalline  rocks  which  covers  the  northern  part  of 
the  state  is  a  continuation  of  the  well  known  Philadelphia  gneiss 
belt,  consisting  of  garnetiferous  gneisses  and  mica  schists.  The 
gneisses  of  Delaware  are  bordered  on  the  south  by  a  club-shaped 
area  of  eruptive  gabbro,  widest  in  the  northeast  and  gradually  ta- 
pering to  the  southwest.  The  southwestern  end,  for  several  miles, 
is  wedged  between  the  mica  schists,  but  further  on  to  the  north 
the  Cretaceous  clays  form  the  southern  boundary  of  the  gabbro. 
Since  the  gabbro  is  known  to  pass  beneath  the  clay  sheet,  however, 
it  is  probable  that  the  mica  schists  still  lie  deeply  buried  and  con- 
tinue, for  the  whole  distance,  to  form  the  southern  border  of  the 
gabbro.  In  this  case,  we  must  regard  the  gabbro  mass  as  one  in- 
truded between  the  rocks  of  the  Philadelphia  belt,  and  in  eveiy 
respect  a  true  dike.  The  rock  of  this  eruptive  mass  is  subject  to 
wide  variations  resulting  in  the  formation  of  no  less  than  thirteen 
species  and  varieties  merging  into  each  other  by  the  most  indistinct 
stages  of  gradation.  The  typical  form  of  these  rocks  is  a  true 
hypersthene-gabbro,  or  a  distinctly  granular  mixture  of  plagioclase, 
hypersthene  and  diallage  with  accessory  quartz,  magnetite,  apatite 
and  pyrite.  In  the  most  intimate  association  with  this  are  a  num- 
ber of  varieties  of  gabbro-diorite  and  amphibolite,  the  two  latter 
usually  containing  a  predominating  proportion  of  a  brown,  highly 
absorptive  hornblende  and  of  a  green  pleoclinic  hornblende.  The 
brown  hornblende  is  quite  fresh  and  is  probably  original,  while 
the  green  variety  is  derivative,  and  a  paramorphic  product  from 
either  hypersthene  or  greenish  pyroxene  (diallage).  These  two 
processes  of  paramorphism  were  then  described  in  detail.  The 
southwestern  narrow  half  of  the  gabbro  area,  or  handle  of  the  club, 
is  covered  by  the  amphiboUtes  and  gabbro  diorites.  Passing  to 
the  northwest,  however,  along  the  axis  of  the  belt,  the  amphibolites 
pinch  out  and  form  a  wedge-shaped  tongue  between  the  massive 
gabbros  which  occupy  all  that  region  in  the  vicinity  of  Wilmington. 
The  boundaries  of  this  wedge  are  most  obscure,  the  schistose  and 
massive  rocks  blending  most  indistinctly.  That  the  amphibolite 
and  gabbro-diorites  have  resulted  from  combined  paramorphism 
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and  pressure  affecting  the  massive  gabbros  is  established :  first,  by 
the  study  of  some  seventy-five  thin  sections  from  all  parts  of  the 
belt ;  second,  by  the  finding  of  all  stages  of  change  from  the  mas- 
sive gabbros  to  the  schistose  amphibolites ;  and  third,  the  asso- 
ciation  of  cores   of  unchanged   gabbros  within    masses  of  the 
amphibolite.     Those  varieties  of  gabbros  which  were  affected  most 
by  the  paramorphic  process  were    those  containing   the  largest 
proportion  of  the  pyroxene  elements.     The  foliation  characteristic 
of  the  amphibolites  was  undoubtedly  the  result  of  pressure  which 
has  affected  the  whole  gabbro  mass,  but  which  impressed  itself 
most  strongly  upon  the   highly  basic  rocks  whether   unchanged 
gabbros,  parti}' pararaorphosedgabbro-diorites  or  true  amphibolites. 
Further,  it  was  found  that  the  degree  of  foliation  was  in  direct 
proportion  to  the  degree  of  paramorphism,  in  which  event  pressure 
must  at  least  have  had  an  indirect  connection  with  the  cause  of 
paramorphism.     The  following  will  illustrate   the  line  of  petro- 
graphieal  variation  from  the  primary  hypersthene-gabbro. 

(a)  By  addition  of  original  f  By  loss  of  pyroxenio 
brown  hornblende—- €7a66ro« J  matter  and  increase  of 
JHorite,  I  brown  hornblende  —  LHth 

tri^e  (masslFe). 

(b)  By  addition  of  paitmor-  r  By  complete  paramor- 
phic green  hornblende— Gad- J  phism    of    pyraxene    to 


ITypersthene'gahbro. 
Fiugioclase,         hypers 
tliene,  diallage  with  acces 


bro-ZHorite. 


j  green 
[phibolUe. 


hombleudo  —  Am- 


(c)  By   addition    of  brown  f    By  complete   pnrRmoi> 


hornblende  and  paramorphic 


sory  quartz,  apatite,  mag- ^  green    hornblende — Gabbro- ]  Vfith  brown  hornblende- 


petite*  pyrite. 


Dionte. 


phism  to  green  hornblende 


,  Amphibolite. 


(d)  By    addition    of  micai  f    By    loss    of   diallage 
with  quartz   and    o\ihoclH8e\  Hypersthene- Granite. 
generally    present  —  Gabbro- 
Granite, 

(e)  By  loss  of  diallage— Hy-  (  By  paramorphism  of  hy- 
persthenite  (a  coarse  grained  J  persthene  to  green  horn- 
mixture  of  plagioclase    and  |  blende— iHoH/e  (massive)* 

.  hypersthene.)  [, 


Lower  silurian  fossils  in  a  limestone  of  Emmons's  original 
TACONic.  By  Prof.  James  D.  Dana,  Yale  College,  New 
Haven,  Ct. 

[ABSTRACT.'] 

The  author  mentions  the  discovery  of  Lower  Silurian  fossils  at 
several  points  in  the  ''  Sparry  Limestone*'  of  Emmons,  in  the 


1  This  paper  is  printed  in  full  in  Vol.  XXX  of  the  American  Journal  of  Science  and 
Arts. 
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town  of  Canaan,  Columbia  County,  New  York,  within  a  mile  of 
the  Massachusetts  boundary,  to  the  southwest  of  Fittsfleld  ;  and 
thus  sustains  the  view  that  the  limestones  of  the  original  Taconio 
and  the  overlying  schists  of  the  system  are  of  Lower  Silurian 
age. 


The  Dakota  grocp  south  of  the  Platte  river  in  Nebraska. 
By  Prof.  L.  £.  Hicks,  State  University,  Lincoln,  Neb. 

TABSTBACT.] 

I.     General  position  and  extent  of  the  Dakota  group. 

The  Dakota  group  is  the  lowest  member  of  the  Cretaceous  for« 
mation  in .  Nebraska.  It  rests  unconformably  upon  the  Permo- 
carboniferous  and  is  overlaid  conformably  by  the  Colorado  group 
of  the  Cretaceous  period. 

This  group  covers  a  superficial  area  of  about  5,000  square 
miles  in  the  state  of  Nebraska,  of  which  the  portion  (one-half) 
south  of  the  Platte^river  has  been  examined  this  season.  The 
eastern  boundary  of  this  portion  begins  near  Cedar  Creek  station 
in  Cass  county,  curves  west  and  southwest  to  the  vicinity  of  Boca 
in  Lancaster  count}*^,  thence  south  to  the  Kansas  line.  The  west- 
ern boundary  begins  midway  of  the  north  line  of  Saunders  county 
and  runs  south  twenty  degrees  west  to  the  southwest  corner  of 
Jefferson  county. 

It  does  not  seem  probable  that  the  rocks  of  the  Dakota  group 
ever  extended  eastward  much  beyond  their  present  limits.  The 
shore  line  of  the  sea  in  which  they  were  deposited  has  been  traced 
and  it  is  found  to  coincide  very  nearly  with  the  present  distribu- 
tion of  these  rocks. 

II.     Thickness,  dip  and  conformahility  of  the  Dakota  group. 

The  average  thickness  of  this  group  is  somewhat  more  than  400 
feet.  One  section  near  the  Platte  river  gives  423  feet,  one  near 
the  Kansas  line  447  feet  and  one  midway  between  these  gives  400 
feet.  The  direction  of  the  dip  is  west  twenty  degrees  north,  and 
it  averages  about  six  feet  per  mile. 

A  great  amount  of  erosion  of  the  Permo-carboniferous  lime- 
stone occurred  before  the  deposition  of  the  Dakota  group.  In 
some  places  the  bottom  of  the  Dakota  is  ninety  feet  below  the 
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level  of  the  adjacent  and  older  limestone,  whicli  most  therefore 
have  formed  cliffs  of  that  height  bordering  the  Dakota  sea. 

It  is  a  noteworthy  fact  that  the  bays  which  projected  eastward 
along  the  shore  of  this  ancient  sea  held  the  same  position  now 
occupied  by  the  river  valleys.  These  bays  were  caused  by  the  ex* 
cavation  of  river  valleys  previous  to  the  invasion  of  the  Dakota 
sea,  the  rivers  flowing  in  an  opposite  direction  to  that  of  the  pres- 
ent rivers.  Thus,  some  of  the  prominent  features  of  the  topog- 
raphy of  Nebraska  were  outlined  ages  ago. 

A  novel  result  of  the  extensive  erosion  antecedent  to  the  depo- 
sition of  the  Dakota  group  is  that  the  boundary  line  between  it 
and  the  Fermo-carboniferoas  projects  eastward  in  the  valle3's 
instead  of  westward.  The  deeply  eroded  valleys  would  naturally 
be  expected  to  reveal  tongues  of  the  older  formation  projecting 
westward,  since  the  dip  is  west,  but  the  contrary  is  true. 

The  unconformability  between  the  Dakota  and  the  Permo-car- 
boniferous  is  not  merely  that  of  erosion,  but  also  that  of  a  lack 
of  parallelism  of  the  planes  of  stratification.  The  dips  of  the 
Permo-carboniferons  are  more  varied  in  direction  and  greater  in 
amount  than  those  of  the  Dakota,  which  are  uniform  and  gentle. 

III.     Structure  and  composition  of  the  Dakota  group. 

The '*  beach  structure"  predominates.  There  are  many  fine  ex- 
amples of  oblique  laminae,  especially  near  Lincoln,  Pleasant  Dale 
and  Bennett  in  Lancaster  county,  above  South  Bend  in  Cass 
county,  and  at  Endicott  and  Kesterson  in  Jefferson  county.  At 
Pleasant  Dale  remarkable  curves  and  contortions  of  the  laminae 
were  observed.  These  may  be  in  part  due  to  a  concretionary 
structure.  Concretions  are  abundant,  generally  coated  with  car- 
bonate of  iron. 

The  beach  structure  is  by  no  means  universal.  In  many  places 
the  sand  s  are  fine  and  lie  in  even  layers,  indicating  quiet  water 
of  some  depth.  Other  materials  which  indicate  quiet  waters, 
such  as  shales  and  fine  clays,  also  occur. 

An  impression  prevails  among  geologists  who  have  read  the 
published  descriptions  of  the  Dakota  group  that  it  is  composed 
almost  wholly  of  sandstone.  That  is  indeed  the  typical  element 
in  its  composition,  but  it  contains  many  other  ingredients,  and 
south  of  the  Platte  river  these  constitute  probably  one-half,  or 
more  than  one-half,  of  its  thickness.      Shales,  clays,  shaly  sand- 
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stones,  lignite,  conglomerate  and  hard  grits,  or  quartzites,  all 
occur,  and  in  some  places  are  more  conspicuous  than  the  rusty 
sandstone  which  is  the  typical  rock  of  this  formation. 

The  presence  of  excellent  fire-clay  in  this  group  is  an  important 
fact  in  economical  geolog3\  It  is  already  the  basis  of  an  impor- 
tant industry.  All  the  potteries  in  the  state,  so  far  as  I  know,  de- 
rive their  raw  material  from  the  Dakota  group. 

IV.    Fossils  of  the  Dakota  group. 

The  leaves  of  anglosperms  have  long  been  known  to  be  the 
most  abundant  and  interesting  fossils  of  the  Dakota  group. 
Several  new  localities  for  the  collection  of  these  leaves  have  been 
observed  this  summer  and  considerable  collections  made,  includ- 
ing some  new  species. 

The  fauna  of  tlie  Dakota  group  remains,  for  the  most  part,  a 
subject  of  conjecture.  Only  a  few  species  of  marine  shells  have 
been  discovered.  No  locality  in  Nebraska  is  known  to  furnish 
these  except  one  near  Fairbury  in  Jefferson  county  recently  dis- 
covered by  myself.  It  is  very  rich  in  marine  fossil  mollusca,  and 
also  in  the  leaves,  fruits  and  wood  of  various  kinds  of  trees. 

V.     Topography  of  the  district  underlaid  by  rocks  of  the  Dakota 

group. 

Most  of  these  rocks  are  too  soft  and  too  deeply  covered  with 
drift  and  loess  to  make  much  impression  upon  the, landscape.  Flat 
or  gently  undulating  surfaces,  broad  valleys  and  easy  slopes  are 
the  prevailing  features  of  the  scenery.  But  some  of  the  sand- 
stones form  bold  and  lofty  cliffs,  as,  for  instance,  along  the  Platte 
river  and  the  Little  Blue  river  and  its  tributaries,  particularly  at 
Endicott  and  Rose  creek  in  the  vicinity  of  Kesterson  in  Jefferson 
county.  In  this  locality  we  have  a  very  interesting  example  of 
the  dependence  of  topography  upon  geological  structure.  A  series 
of  table-topped  hills  or  mesas  have  their  height  and  form  deter- 
mined by  a  hard  grit  near  the  top  of  the  Dakota  group.  The  sum- 
mits of  the  mesas  coincide  with  the  top  of  the  Dakota. 
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The  record  of  the  deep  well  of  the  Cleveland  Rolling  Mili. 
CoMPANT,  Cleveland,  Ohio.  By  Prof.  Edward  Orton,  State 
Geologist  of  Ohio,  Columbus,  O. 

[AB8TSACT.] 

A  DEEP  well  is  now  being  drilled  within  the  city  limits  of  Cleve- 
land, by  the  Cleveland  Rolling  Mill  Company,  the  object  of  the 
drilling  being  to  secure  a  supply  of  natural  gas  for  manufacturing 
purposes.  The  depth  of  the  well  at  this  writing  is  2950  feet.  The 
contract  calls  for  a  depth  of  3000  feet  unless  gas  in  satisfactory 
amount  is  sooner  found.  It  is  probable  that  the  drilling  will  be 
extended  to  3200  feet  before  work  will  be  finally  suspended.  This 
makes  the  drilling  the  deepest  in  Ohio. 

The  well-record  has  been  quite  carefully  kept  by  the  contractor, 
Mr.  J.  W.  Churchill,  to  whom  I  am  indebted  for  the  facts  herewith 
given.  These  facts  are  An  part  unexpected  and  anomalous  to  a 
high  degree. 

The  level  at  which  the  boring  was  begun  is  about  765  feet  above 
tide  water.  Geologically,  it  is  about  75  feet  below  the  Berea  Grit, 
which  occurs  at  no  great  distance.  The  first  rock  to  be  reached  is 
the  Bedford  shale,  the  hard  layers  of  which  are  extensively  quarried 
near  by.  This  stratum  is  succeeded  by  the  great  series  of  Devo- 
nian shales  which  were  divided  by  Newberry  into  the  Cleveland, 
Erie  and  Huron  divisions,  these  divisions  being  marked  in  his 
scheme  by  change  of  color,  the  upper  and  the  lower  being  black 
and  the  middle  being  gray  or  greenish  blue.  These  shales  have  a 
thickness  in  the  well-record,  exceeding  1300  feet. 

The  next  element  in  descending  order  is  a  limestone  sheet,  over 
300  feet  in  thickness,  which  is  referred  so  far  at  least  as  its  upper 
portions  are  concerned,  to  the  Corniferous  limestone,  that  is  so 
prominent  an  element  in  the  scale  a  few  miles  to  the  westward. 

Thus  far  no  question  can  arise  as  to  the  identification  of  the 
strata  found  by  tlie  drill  with  tlie  beds  shown  in  outcrop  to  the 
westward  of  Cleveland,  but  from  this  point  downwards,  much  is 
anomalous  and  obscure.  No  final  interpretation  will  now  be  of- 
fered but  the  record  is  made  public  for  study  and  comparison.  It 
is  as  follows : 

1.  Drift,  .....  40.' 

2.  Shales,  changing  in  color  from  light  to  dark, 

with  frequent  alternations,  •  •  1310.' 
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310.' 
40/ 


290.' 

164.' 

15.' 

81.' 

50.' 

40.' 

20.' 

18.' 

22.' 

20.' 

10.' 

40.' 

5.' 

8.' 

167.' 


3.  Limestone,  solid, 

4.  Sandstone,  sharp  and  clear, 

Salt  water  occurs  here. 

5.  Limestone, 

6.  Hock  salt  and  thin  bands  of  shale, 

7.  Gypsum  and  shale, 

8.  Limestone, 

9.  Rock  salt,  .  .  « 

10.  Gypsum,  bluish, 

11.  Sandstone, 

12.  Shale,      .... 

13.  Limestone, 

14.  Jiock  salt,  •  • 

15.  Shale,      .  •  •  • 

16.  Limestone, 

17.  Bock  salt,  •  •  • 

18.  Shale,      .... 

19.  Limestone, 

20.  Hard  limestone  with  petroleum  in  small  amount, 

high  in  sulphurous  products,  near  summit  of 
stratum,  about  .... 

The  drill  is  still  laboring  in  this  solid  limestone.  While  no  full 
interpretations  will  be  essayed,  a  hint  or  two  as  to  the  order  may 
be  ventured  upon. 

The  sandstone.  No.  4,  40  feet  thick,  that  is  interposed  between 
two  heavy  beds  of  limestone  may  be  the  Oriskany.  The  overlying 
limestone,  No.  3,  is  310  feet  thick,  which  exceeds  any  measure  that 
the  corniferous  attains  in  New  York,  Canada  or  Ohio,  in  its  out- 
crop. 

The  rock  salt  that  makes  so  large  and  so  surprising  an  element 
in  the  section  from  2000  feet  downwards,  Nos.  6,  9,  14,  17  comes 
more  nearly  into  range,  with  the  Medina,  Hudson  River  and  Utica 
groups  than  with  the  Salina,  to  which  it  would  most  likely  be  re- 
ferred at  first  sight. 

The  oil  bearing  limestone  which  was  struck  at  2656',  and  which 
continues  without  interruption  as  far  as  the  drilling  has  now  pro- 
ceeded, is  the  Trenton  limestone,  if  we  can  rely  upon  the  evidence 
of  its  petroliferous  quality  by  which  it  is  connected  with  the  new 
wells  of  northwestern  Ohio. 


300.' 


i 
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The  well  has  been  a  very  expensive  one  to  drill  as  the  contract 
required  a  dry  hole  and  as  new  supplies  of  salt  water  were  struck, 
from  time  to  time,  through  the  entire  descent  below  1 700  feet.  The 
casing  was  set  and  drawn  many  times,  but  the  5|'  pipe  now  ex- 
tends 1856  feet  below  the  surface,  probably  the  deepest  iron  in  the 
country.  But  even  this  inordinate  expense  has  been  rendered  null 
and  void  by  the  new  sources  of  salt  water  found  in  the  Trenton 
limestone  and  the  well  is  now  full  of  brine. 

No  gas  or  oil  in  quantity  enough  to  be  of  economic  value  has 
been  found. 


On    the    classification   of    the  Upper  Devonian.     By  Prof. 
Henry  Shaler  Williams,  Cornell  University,  Ithaca,  N.  Y. 

Our  esteemed  colleague  and  president  of  last  year  gave  us  a 
most  instructive  lecture  upon  the  duty  of  scientists  to  do  much  and 
say  little. 

Although  I  have  been  able  to  put  in  some  "  dead  work",  as  a 
foundation  for  what  1  have  to  present  to  the  section,  I  feel  a  great 
diffidence  in  standing  before  our  veteran  geologists  with  a  pro- 
posal to  interpret  a  series  of  rock  formations  to  which  they  have 
given  indefatigable  study,  but  left  still  in  mystery. 

If  I  shall  succeed  in  throwing  a  little  new  light  upon  the  intri- 
cate problem,  I  am  sure  it  will  be  due  to  the  vantage  ground 
which  their  great  labors  give  me,  and  the  wealth  of  suggestions 
found  in  their  own  struggles  with  the  same  problem. 

The  intricate  relations  borne  by  the  red  and  coarse  gray  depos- 
its with  brackish-water  faunas  and  floras,  called  Catskill  in  their 
typical  region,  to  the  shales  and  sandstones  with  upper  Devonian 
fossils  and  to  that  third  set  of  faunas  called  the  Waverly,  have 
been  a  constant  source  of  confusion  for  the  last  forty  j'^ears. 

The  exposure  of  these  deposits  along  the  southern  counties  of 
New  York,  extending  from  the  Catskill  mountains  to  Cleveland, 
Ohio,  offered  a  field  for  study  in  whicli  the  whole  problem  lay  open 
for  solution. 

In  attacking  it,  the  task  I  set  myself  was  to  so  dissect  the 
faunas  found  in  the  rocks,  as  to  be  able  to  trace  the  changes  they 
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might  undergo,  both  horizontally  in  passing  from  region  to  region, 
and  vertically  passing  upward  through  the  stratified  deposits  con- 
taining them. 

This  necessitated  a  careful  review  of  work  already  accomplished, 
a  gathering  of  fossils  from  each  separate  zone  all  over  the  region, 
a  careful  study  of  the  species,  their  varietal  modifications  and 
their  associations,  and  all  in  relation  to  the  stratigraphic  and 
lithologic  character,  of  the  deposits  containing  them.  For  over 
three  j^ears  I  have  given  such  time  as  I  could  spare  from  univer- 
sity duties  to  this  study.  I  have  now  accumulated  enough  data  to 
be  able  to  see  some  results,  but  they  are  the  mere  beginnings  of 
what  this  method  of  investigation  promises  to  furnish  as  a  reward 
for  earnest  labor. 

I  have  sought  to  interpret  the  order  and  relation  of  the  deposits 
by  a  comparison  of  their  faunas. 

In  this  comparison  the  following  criteria  were  used :  the  com- 
position of  the  faunas  themselves,  the  dominance  of  certain  spe- 
cies, the  absence  at  certain  stages  of  species  generally  present,  the 
entrance  of  new  species  into  the  fauna  and  the  variation  of  spe- 
cies in  form,  in  varietal  characters,  in  size  and  in  abundance. 
The  comparisons  were  made  in  two  directions,  furnishing  one  se- 
ries of  geographic  modifications  of  the  faunas  and  another  series 
of  geologic  modifications  recorded  in  the  several  stages  of  each 
fauna.  Most  of  the  faunas  were  found  to  present  distinct  geologic 
stages  characteristic  of  successive  horizons ;  these  were  charac- 
terized by  the  dominance  of  a  few  species,  the  particular  combi- 
nation of  the  species,  and  the  varietal  modification  of  species 
more  or  less  conspicuous  throughout  the  fauna. 

The  condition  of  the  rock  masses,  over  the  region  studied,  has 
offered  almost  unparalleled  advantages  for  carrying  on  this  line  of 
study. 

They  are  found  to  lie  nearly  horizontal  for  the  whole  area,  dip- 
ping scarcely  as  much  as  one  hundred  feet  to  the  mile  for  any  part, 
and  generally  not  over  fifty  feet.  Slight  undulations  have  com- 
plicated them  in  the  more  southern  exposures,  but  these  are 
regular  and  easily  allowed  for. 

The  danger  of  possible  error,  arising  from  placing  too  great  con- 
fidence in  an  assumed  general  uniformity  of  dip,  was  constantly 
checked  by  observation  of  the  actual  altitude  of  the  strata  at  dif- 


224  BECTIOK  E. 

ferenl  exposures,  and  of  their  rise  and  fall  whenever  two  sections 
were  near  enough  together  for  precise  comparison. 

The  local  stratigraphical  observations  have  been  made  as  far  as 
practicable  along  parallel  lines,  running  entirely  across  the  series 
from  north  to  south,  which  was  from  below  upward. 

These  observations  have  been  combined  to  form  a  series  of  me- 
ridional sections,  ten  of  which  ai^e  sufficiently  well  perfected  to 
place  on  the  chart.  I  have  represented  them  in  their  proportionate 
thickness ;  they  are  placed  on  the  chart  in  their  relative  distance 
apart.     (See  chart,  pp.  235-6.) 

The  following  sections  are  seen,  beginning  at  the  left : 

I.  The  Cuyahoga  section,  Dr.  Newberry's  typical  section  in 
the  neighborhood  of  Cleveland,  Ohio. 

II.  The  Fainesville  section,  through  Painesville,  Ohio. 

III.  The  Girard  section,  of  Erie  Co.,  Penn. 

IV.  The  Chautauqua  section,  beginning  in  Chautauqua  County, 
N.  Y.,  and  terminating  in  Erie  and  Crawford  Counties,  Fenn. 

y.  The  Genesee  section,  terminating  in  the  Olcan  conglomer- 
ate, or  its  equivalent  in  McKean  County,  Penn. 

This  is  the  typical  section  of  the  fourth  district  of  the  final  re- 
ports of  the  New  York  State  Survey.  It  has  served  in  the  New 
York  reports  as  the  basis  of  classification  for  the  upper  Devo- 
nian. 

VI.  The  Canandaigua  section,  through  Canandaigualake.  Mr. 
Berlin  H.  Wright  and  Prof.  J.  M.  Clark  have  added  some  data  to 
those  found  in  the  state  reports  relative  to  this  section. 

VII.  The  Cayuga  section.  This  passes  from  Cayuga  lake  south- 
ward, and  lies  between  the  third  and  fourth  sections  of  the  original 
survey. 

This  section  was  adopted  in  1839  and  1840  as  the  standard,  but 
for  some  reason,  not  stated  in  the  reports,  was  abandoned. 

Had  the  original  plan  of  the  geologists  l>een  strictl}'  followed 
out  I  believe  much  of  the  confusion  that  has  occurred  would  have 
been  avoided.  With  this  belief  I  made  a  special  report  upon  this 
section,  which  will  be  found  in  the  Third  Bulletin  of  the  United 
States  Geological  Survey. 

VIII.  The  Tioughnioga  section,  running  through  Cortland  and 
the  Tioughnioga  valley. 

IX.  The  Chenango  section  of  Chenango  valley. 
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X.     The  Unadilla  section,  of  Otsego  and  Delaware  counties. 

The  sections  comprise  the  strata  from  the  upper  Hamilton  to  the 
conglomerate  which  introduces  the  Carboniferous  deposits. 

The  Hamilton  terminates  in  the  Genesee  black  shale,  which 
i<>rms  a  well  defined  continuous  horizon. 

Tiie  whole  series  records  a  change  in  the  conditions  of  the  re- 
gion, from  seas  depositing  limestone,  to  shores  accumulating 
coarse  conglomerate  and  holding  land  plants. 

In  this  series  of  sections  several  distinct  sets  of  faunas  were 
seen.  These  I  have  designated  by  letters,  and  their  several  stages 
by  numbers  after  the  letters. 

A  is  the  Hamilton  fauna  and  its  immediate  successors. 

B  is  the  black  shale  fauna,  beginning  in  the  typical  or  first  stage 
of  the  Genesee  shale. 

C  is  the  fauna  of  the  green  shales  of  the  typical  Portage  group. 

D  is  the  Chemung  fauna  associated  with  brown  argillaceous 
shales,  flags,  or  calcareous  sandstones. 

E  is  the  fauna  of  the  flat  pebble  conglomerate. 

F  is  the  fauna  and  flora  of  the  Catskill  grays  and  reds. 

G  is  the  Waverly  fauna. 

H  is  the  conglomerate  (Olean  and  equivalent). 

J  is  the  Barclay  coal  beds. 

The  comparative  study  of  these  faunas  led  to  their  classifica- 
tion into  temporary  stages,  based  upon  some  one  or  more  of  the 
secondary  data  before  mentioned.  These  stages  are  represented 
on  the  charts  by  the  numbers  following  the  letters,  and  I  have 
given  them  provisional  names  in  the  following  table,  taking  gener- 
erally  the  name  of  some  dominant  genus  or  species : 

The  nomenclature  of  species  is  that  of  the  official  state  reports, 
and  does  not  express  my  adoption  of  it  as  final. 

In  this  subdivision  of  the  faunas  the  following  stages  have 
been  recognized : 

The  middle  Devonian  fauna  (A)  was  traced  above  the  horizon 
of  the  Genesee  shale  in  the  following  successive  stages : 

A  1,  the  Paracydas  lirata  stage. 

A  2,  the  Spirifera  Icevis  stage. 

A  3,  the  Strophodonta  mucronata  stage. 

A  4,  the  Atrt/pa  reticularis  stage. 
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A  5,  the  LeiorJiynchus  glohuUformis  stage. 

A  6,  the  Tropidoleptus  carinatus  stage. 

A  7,  the  Spirifera  mesostrialia  stage. 

A^+  is  a  second  recurrence  of  the  Tropidoleptus  stage,  found 
above  the  Chemung  fauna  and  distinguished  b}'  the  variety  Owe- 
'goenais  of  Spirifera  Toarcyi^  a  characteristic  variety  of  the  granu- 
lifer  a  type  of  Spirifera  s. 

In  the  fauna  of  tlie  black  shales : 

B,  the  Genesee  stage  of  Lingula  spatulata. 

iB  1,  the  second  Lingula  spatiUata  stage,  in  Portage  shales. 

B  2,  the  Lingula  complanata  stage,  of  the  '^  Ithaca  group." 

B  3,  Lingula  spatulata,  third  variety,  in  the  Cleveland  shale. 

B  4,  Lingula  complanata,  second  stage,  in  Chemung  shales. 

In  the  Portage  faunas,  C  : 

C  1  is  the  Cephalopod  stage,  with  Goniatites  and  large  Cardi- 
adce. 

C  2,  the  Lamellibranch  stage,  with  Cardiola  speciosa,  etc. 

C  3  is  the  Portage  sandstone,  generally'  barren. 

These  faunas  are  mainly  in  the  greenish  argillaceous  shales. 

The  faunas  of  the  brown  shales  and  sandstones  of  the  Chemung 
deposits  were  classified  into  the  following  stages : 

D  1,  the  stage  of  Orthis  tioga. 

D  2,    "       "     "    Strophodonta  cayuta. 

D  3,    "       "     "    Athyris  angelica. 

D  4,   "       "     "    .Rhynchonella  contracta. 

Do,"       "     "    Spirifera  alta. 

All  of  these  stages,  except  the  first^(D  1),  are  characterized  by 
the  presence  of  some  variety  of  Spirifera  disjuncta  (=  Sp,  Fer- 
neuili). 

In  the  Catskill  rocks  the  fossils  are  very  rare,  but  there  are  two 
stages  (F  1)  of  the  Oneonta  reds  and  grays  and  (F  2)  of  the  typi- 
cal Catskill.  So  far  as  fossils  have  been  found  there  is  difficulty 
in  defining  them. 

It  is  probable  that  Holoptychius  and  several  allied  Ush,  Conrad's 
Cypricardia  angusta  and  several  plants  are  found  in  both  alike, 
but  further  investigation  will  be  necessary  to  establish  any  clearly 
distinctive  characters  in  the  fossils. 

The  Waverly  fauna  G  appears  to  be  distinguished  into  three 


GEOL06T  AND  GEOGRAPHY.  227 

stages  in  other  parts  of  Ohio.  But  in  the  region  comprised  in  these 
sections  the  stages  are  recognized  more  by  their  lithologic  than 
by  their  paleontologic  characters.  The  general  fauna  may  be 
called  the  Syringothyris  fauna,  i 

With  G  1,  the  Bedford  shale  stage, 

With  6  2,  the  Berea  grit  and  sandstone, 

With  G  3,  the  Cuyahoga  shale  and  sandstone. 

Taken  as  wholes,  each  separate  fauna  is  found  to  possess  certain 
characteristic  geographic  limitations. 

Above  the  Genesee  horizon  the  successors  of  the  Hamilton  fauna 
(A  1-7)  are  confined  to  the  more  eastern  third  of  the  area. 

The  Genesee  shale  fauna  (B)  has  a  wide  range,  but  it  is  want- 
ing in  the  extreme  eastern  sections.  Its  upper  recurrence  is  rec- 
ognized by  traces  even  as  far  as  the  Chenango  section,  but  on 
following  it  westward  it  is  frequently  recognized  in  thin  seams  or 
in  black  streaks  of  the  shales  containing  some  of  the  same  species 
all  the  way  up.  Even  the  more  dominant  species  of  the  CleA^eland 
shale,  as  I  have  before  shown,  are  those  found  in  the  western  rep- 
resentatives of  the  Genesee  shale. 

The  Cardiola  fauna  of  the  Portage  (C  2)  is  most  abundant  and 
characteristic  in  the  central  part  of  the  area.  It  has  been  traced 
eastward  as  far  as  tire  Cayuga  section,  but  I  have  not  detected  it 
any  farther  east.  The  characteristic  green  argillaceous  shales 
with  which  it  appears  to  be  associated  are  also  not  recognized  in 
the  more  eastern  sections. 

The  Chemung  fauna  (D)  has  been  seen,  in  what  I  regard  as  its 
earliest  stage  (D  1  on  the  chart),  in  the  Cayuga  section,  and  is 
there  the  first  fauna  above  the  final  stage  of  the  Cardiola  fauna, 
(C  2).  Traces  of  it  appear  above  the  Portage  sandstone  (C  3)  of 
the  Genesee  section,  but  it  is  depleted,  only  a  few  species  appear- 
ing there.  The  middle  stages  (  D  2  and  3 )  appear  all 
through  the  central  part  of  the  area,  but  are  wanting  in  the  more 
western  and  the  more  eastern  sections.  The  fourth  stage  (D  4) 
is  confined  to  the  sections  of  Chautauqua  and  Girard,  until  near 
the  termination  of  the  Chemung  deposits,  when  it  spread  east- 
ward, and  is  the  only  stage  of  the  Chemung  fauna  recognized  at 
the  eastern  extreme  and  there  only  at  the  very  termination  of  the 
marine  deposits.  Spirifera  disjuncta  and  Rhynchonella  contracta 
are  almost  the  only  species  found  in  this  upper  fauna,  but  in  the 
western  sections  (the  Girard  and  Chautauqua)  these  species  occur 
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very  early  in  the  deposits,  the  latter  having  been  found  as  low  as 
the  Portage  flags  of  White's  classification. 

The  Catskill  fauna  (F^)  for  this  region  is  confined  to  the  eastern 
sections,  the  Waverly  (G)  belongs  to  the  extreme  western  sections. 
Species  of  the  Waverly  fauna,  however,  extend  eastward  and 
nearly  meet  the  westward  extension  of  the  Catskill  at  about  the 
Genesee  meridian. 

The  lithologic  character  of  the  deposits  appears  to  be  intimately 
associated  with  the  distribution  of  the  faunas. 

The  green  shales  of  the  Portage  group  change  to  blues  of  the 
Hamilton  as  we  pass  from  the  Cayuga  section  eastward.  The 
Chemung  deposits  pass  out  in  the  same  way  by  changing  from 
brown  argillaceous  shales  to  gray,  gritty  shales  as  we  go  eastward 
and  toward  the  Catskill  areas. 

These  changes  are  not  caused  by  the  thinning  and  thickening  to 
any  considerable  extent,  of  the  stratigraphic  masses  or  their  in- 
dividual strata,  but  by  a  gradual  change  in  the  nature  of  the  sed- 
iments deposited  at  a  common  horizon,  but  at  different  distances 
from  the  source  of  the  material.  This  is  proven  by  the  order  of 
the  faunas.  The  fauna  which  appears  at  the  upper  stage  of  the 
green  shales  in  the  Girard  section  (the  Girard  shale  and  upper 
Portage  of  I.  C.  White)  is  restricted  to  a  higher  and  higher  hori- 
zon going  eastward,  so  that  in  the  Chenango  section  it  is  the  last 
fauna  seen  below  the  reds,  but  going  in  the  opposite  direction  the 
sequent  of  the  Hamilton  fauna  appears  at  lowest  level  in  the  more 
eastern  section  and  in  the  Cayuga  section  has  reached  up  into  the 
horiaon  of  the  middle  Chemung. 

The  evidence  proves  that  the  faunas  were  more  separate,  more 
limited  to  their  local  areas  at  the  base  and  the  species  which  con- 
tinued to  live  became  distributed  and  the  faunas  blended  in  the 
upper  horizons. 

Some  interesting  features  in  the  more  eastern  of  these  sections 
have  been  brought  to  light  by  the  invesligations.  Much  per- 
plexity has  prevailed  in  regard  to  the  preliminary  stages  of  the 
Catskill  group.  In  the  first  reports  of  the  New  York  survey  the 
Catskill  stage  included  some  rocks  which  are  now  regarded  as 
below  the  Chemung  stage. 

The  discovery  by  Mr.  Way,  in  Delaware  county,  of  fossils  of 
Chemung  character  above  red  beds,  led  our  eminent  New  York 
state  geologist  in  1863,   to  disclaim  the  Catskill  age  for  most  of 
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the  Catskill  deposits  of  the  state,  aud  at  the  same  time  Col.  Jew- 
ett,  then  curator  of  the  State  Museum,  expressed  his  belief  that 
there  was  no  Catskill  whatever  in  the  state. 

Later  investigation  led  Professor  Hall  to  re-recognize  the  Cat- 
skill,  but  its  lower  limit  has  been  matter  of  great  dispute. 

The  reds  of  Otsego  and  Chenango  counties  had  been  regarded 
as  Catskill,  and  were  associated  by  Vanuxem  as  *'  Oneonta  and 
Montrose  sandstones."  Until  1880  the  presence  of  Cypricnrdites 
was  regarded  as  characteristic  of  the  base  of  the  Catskill.  A 
very  similar,  if  not  identical  form,  Anodonta  Jukesii,  is  described 
ft-om  British  old  red  sandstone. 

In  1880  the  superposition  of  beds  containing  marine  Devonian 
fossils  was  taken  as  evidence  of  the  distinctness  of  these  lower 
reds  from  the  true  Catskill,  as  an  Oneonta  group.  The  presence 
of  Holoptychius  was  then  regarded  as  the  sign  of  a  genuine 
Catskill  horizon. 1 

With  this  ask  a  history  of  the  region,  and  the  fact  that  undoubted 
Holoptychius  has  been  repeatedly  reported  with  and  below  Che- 
mung faunas  (or  the  upper  Devonian  marine  faunas),  in  this  coun- 
try as  well  as  in  Russia  and  Belgium,  I  went  into  the  field 
this  summer  for  the  purpose  of  finding  where  and  how  these  reds 
intruded  among  the  marine  faunas. 

I  would  also  add  that  this  region  of  Chemung  and  Broome  coun- 
ties had  never  been  thoroughly  understood.  Vanuxem  reported 
Hamilton  and  Portage  where  Chemung  fossils  were  expected. 

I  went  into  the  region  expecting  that  a  study  of  the  order  of 
the  separate  faunas  would  throw  light  upon  the  subject.  I  give 
the  facts,  well  aware  that  the  observations  I  have  to  present  have 
not  so  heavy  a  foundation  of  "  dead  work,"  that  new  light  may 
not  be  thrown  on  them  by  future  exploration. 

I  observed  that  the  fauna  A  1,  underlying  the  graj's  which 
initiate  and  terminate  the  reds,  was  composed  of  Hamilton  spe- 
cies with  scarcely  any  exception, — that  is,  species  that  are  known 
to  occur  below  the  second  black  Devonian  shales. 

West  of  the  reds  are  faunas  of  the  lower  and  middle  Ithaca 
group,  including  the  Spirifera  Ivsvis  faunas  and  the  great  part  of 
the  fauna  containing  Hall's  Strophodonta  mucronata.     Above  the 

»  See  New  York  State  Geological  reports,  1840,  pp.  393  and  453;  1841,  pp.  41,  75;  Final 
Reports  of  1842  and  1843.  Canadian  Naturalist,  1802,  Vol.  Vll,  pp.  377,  3i>5.  Regents' 
Reports.  1872, 24th,  pp.  9-10;  1873, 2.Jd,  pp.  7-«.  Proc.  A.  A.  A.  S.,  1875,  p.  B,  80-.  Sci- 
ence, 1880,  Vol.  I,  p.  290.    Proc.  A.  A.  A.  S.,  Pt.  2,  p.  246. 
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barren  grays  and  reds  the  first  species  are  TentacuUtes  and  broken 
crinoid  stems ;  these  are  evidently  associated  with  a  transition 
stage,  as  they  characterize  similar  transitions  atrother  horizons  and 
are  often  all  that  is  seen. 

The  next  marine  fauna  recognized  is  the  latter  stage  of  the 
Ithaca  series  of  faunas,  the  Atrypa  reticularis  stage  of  the  general 
Strophodonta  muci'onata  fauna,  then  comes  the  LeiorJiynchua  globu^ 
Uformis  fauna,  then  the  Ti'opidolepius  fauna,  then  the  wider-spread 
fauna  of  Spirifera  mesostrialis. 

In  the  Tioughnioga  section  the  same  series  in  the  same  order  is 
recognized,  but  the  reds  and  grays  are  absent,  and  the  middle  and 
lower  stages  of  the  Ithaca  fauna  occupy  the  place  filled  by  the  reds 
in  the  Chenango  and  Oneonta  sections. 

In  the  Cayuga  section  only  traces  of  the  Leiorhynchus  fauna 
are  seen.  This  is  followed  above  by  upper  Portage  flags  and 
shales  with  the  Cardiola  speciosa  fauna  of  the  Portage  and  recur- 
rent traces  of  the  black  shale  fauna,  but  mainl}^^ barren  for  600 
feet.  Then  follows  the  first  of  the  Chemung  faunas,  and  above 
well-defined  Chemung  faunas  is  a  recurrent  but  later  stage  of  the 
Tropidoleptus  fauna,  in  which  many  of  its  species  occur  but  with 
some  modification  of  the  type.  To  show  how  distinctly  Hamilto- 
nian  it  is,  I  would  simply  mention  the  presence  of  TropidoleptuSj 
Cypricardella  {Aficrodon)  bellistriata  and  Phacops  rana. 

This  fauna  was  seen  farther  east,  above  the  first  stage  of  the 
Tropidoleptus^  but  with  no  trace  of  the  Chemung  fauna  detected. 
No  trace  of  it  has  been  reported  or  detected  west  of  the  Cayuga 
section  as  here  described,  which  includes  the  Chemung  narrows 
exposures.  The  graj^s  above  the  first  reds  carry  fish  plates  which  I 
believe  to  be  of  the  same  species  with  some  I  have  seen  associated 
with  genuine  corrugated  Jloloptychius  scales  in  McKean  County, 
Pennsylvania.  I  have  not  yet  had  opportunity  to  make  accurate 
identification  of  them,  but  every  character  of  the  beds  leads  to  the 
identification  with  Catskili  deposits  except  their  relation  to  the 
overlying  deposits. 

The  fact  of  their  stratigraphic  position  is  already  granted,  and 
their  relation  to  the  faunas  which  represent  them  westward  and 
follow  them  stratigraphically  appears  to  be  established  with  a  con- 
siderable degree  of  certainty  by  the  facts  here  presented.  I  was 
aware  of  the  doubts  that  might  lie  in  the  way  of  the  acceptance  of 
these  observations  and  used  every  precaution  to  protect  myself 
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gainst  hasty  or  rash  conclusions.  As  the  facts  developed  fVom 
day  to  day,  I  wrote  down  what,  accoi'din{$  to  the  light  I  bad,  should 
be  observed  at  a  certain  altitude  in  the  next  adjoining  exposure. 
I  had  my  able  assistant  and  associate,  Mr.  C.  S.  Frosser,  go  ahead, 
observe  the  altitude,  take  the  specimens  and  send  to  me.  Inv^ 
riably  the  packages  contained  the  fossils  1  expected  to  see. 

On  tying  on  my  observations  to  the  Pennsylvania  section  in 
Susquehanna  county,  I  found  that  Prof.  I.  C.  Whit«,  iu  the  report 
on  Wayne  and  Susquehanna  counties,  cited  several  species  in  his 
Cascaile  section  as  common  and  abundant  which,  according  to  my 
observation,  belonged  to  the  western  extension  of  the  Chemung 
fauna,  and  should  not  I>e  the  prevailing  Taiina  in  that  locality  ac- 
cording  to  my  theory.     Tliis  I  noted  before  going  into  the  field. 

When  I  examined  the  section  I  found  no  trace  of  several  of  the 
species  citetl  and  only  rare  and  imperfect  specimens  of  Spirifera 
diajuncta  and  the  last  stage  with  Rhynchonella  contracta,  but  all 
the  mass  of  the  fauna  was  Spirifera  laesostrlulia  and  its  legitimate 
associates,  which  is  a  lower  fauna  belonging  to  the  more  eastern 
part  of  this  general  area.  The  difference  between  the  two  Spirif- 
eras  appears  at  first  glance  slight,  but  they  are  clearly  distinct. 

It  has  been  suggested  that  the  peculiarities  of  this  region  might 
be  due  to  faults,  or  to  great  variation  in  dip.  In  reply  to  this  and 
as  an  example  of  the  value  of  the  study  of  faunas  for  settling  such 
questions,  I  will  cite  but  one  example.  On  studying  up  the  Che- 
nango section  we  were  unable  to  get  a  single  continuous  section 
from  the  Brst  red  beds  up  into  a  distinct  exhibition  of  tlie  marine 
faunas.  I  calculated  from  our  other  observations  that  the  first 
fauna  above  should  be  either  the  earlier  stage  of  the  Leiarhyncltys 
globuUformis  fauna,  or  the  closing  stage  of  tlie  Stropliodonta  mu- 
cronata  fauna.  When,  finally,  we  found  a  continuous  section  in 
the  neighborhood  of  Sidney  and  Bainbridge,  the  facts  were  as  ex- 
pected,— a  few  traces  of  the  Strophodonta  fauna  first,  then  the 
Leiorhync/iua  globidiformia  fauna  iu  typical  representation. 

From  these  studies  I  believe  it  is  safe  to  deduce  a  few  general 
principles : 

First.  The  complications  arising  from  both  ge(~ 
graphical  modifications  of  fossil  faunas  are  so  gr 
tempt  to  determine  horizons  by  single  or  by  n 
fossils  will  certainly  lead  to  erroneous  results. 

Second.    In  classifying  deposits  in  geologic  ^ui 
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greatest  importance  that  the  actual  altitude  and  the  geographic 
position  of  rock  strata  should  be  precisely  defined,  as  well  as  the 
lithologic  character  of  the  strata  themselves.  And  for  this  purpose 
some  systematic  and  uniform  nomenclature  for  the  various  kinds 
of  rocks  should  be  made  and  adopted  by  all  geologists  in  the  country. 

Third.  The  fact  that  species  composing  the  faunas,  and  the 
total  faunas  themselves  are  subject  to  constant  modification,  both 
geographic  in  the  same  horizon  and  geologic  in  the  same  area,  is 
an  element  that  paleontologists  cannot  safely  ignore  ;  these  modi- 
fications, though  they  may  be  slight,  can  be  easily  recognized  in 
the  passage  of  fifty  miles. 

Fourth.  The  actual  order  of  faunas  met  with  in  a  vertical  section 
is  not  necessarily  expressive  of  biologic  sequence,  but  signifies  the 
sequence  of  the  occupants  of  that  particular  area. 

The  change  in  the  species  from  one  stratum  to  the  next  may  ex- 
press the  shifting  for  miles  of  the  actual  inhabitants,  and  if  the 
change,  within  a  few  feet  of  strata,  is  to  an  entirely  distinct  group 
of  species,  the  evidence  should  be  taken  as  pointing  to  a  consider- 
able shifting  of  condition  of  the  bottom.  If  in  such  case  each 
fauna  is  kept  distinct,  the  means  of  tracing  the  geographic  distri- 
bution and  modification  are  at  hand.  If  mingled,  then  the  collec- 
tion, though  made  at  the  same  locality,  will  only  confuse.  Two 
such  faunas  meet  at  Owego,  Tioga  county,  in  distinct  strata,  but 
in  rocks  which  are  of  similar  lithologic  character ;  one  is  a 
remnant  of  a  prevailing  western  fauna,  the  other  is  an  eastern  and 
late  stage  of  a  new  fauna. 

Fifth.  The  classification  of  the  rocks  may  receive  local  geo- 
graphic names ;  the  classification  of  the  biologic  series  should 
receive  names  derived  from  the  names  of  species ;  ages  defined  by 
families,  periods  by  genera,  and  epochs  by  species,  or  something  of 
that  kind,  and  these  periods  or  ages  will  always  adjust  themselves 
to  future  discoveries. 

In  this  way,  and  onlj'^  in  this  way  I  believe,  can  we  hope  to  keep 
any  sharp  lines  of  limitation  for  our  geologic  classifications.  Thus 
a  Portage  shale  or  a  Genesee  shale  will  ever  be  what  they  are 
called.  When  they  cease  to  be  sandstone  or  shale  they  must  go 
under  other  names,  and  the  equivalents  will  be  designated  by 
other  names.  A  Strophodonta  mucronata  stage  will  extend  up  and 
down,  east  and  west,  wherever  the  species  constituting  the  pro- 
posed essentials  of  the  fauna  exist  together. 
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The  newly  discovered  range  of  a  species  will  be  recognized  as 
important  to  note,  but  the  expansion  of  the  limits  of  the  range  of 
the  fauna  will  not  interfere  with  any  of  the  marks  of  precision  used 
in  the  science. 

The  bearing  of  these  studies  upon  the  classification  of  the  geol- 
ogic deposits  concerned  tends  to  support  the  following  conclu- 
sions : 

1.  That  the  Devonian  black  shales  carry  a  fauna  (B)  which  re- 
appears with  slight  modification  wherever  the  black  shales  appear, 
from  the  Genesee  shales  up  through  the  Portage  deposits  to  the 
Cleveland  shale  and  possibly  higher.  These  deposits  run  out  and 
disap[)ear  at  the  eastern  extreme  of  the  area. 

2.  The  Portage  rocks  and  their  fauna  (C)  are  comparatively  local, 
belonging  to  the  central  part  of  the  area,  the  fauna  failing  in  the 
more  western  sections,  and  both  fauna  and  lithologic  character- 
istics are  unrecognizable  east  of  the  Cayuga  section. 

3.  It  is  evident  from  the  study  of  the  sections,  that  the  interval 
occupied  in  the  Genesee  section  by  the  tj^pical  Portage  fauna  is 
represented  in  the  Cayuga  section  by  an  entirely  different  set  of 
species  (the  several  stages  of  A),  while  still  farther  east  in  the 
Chenango  and  Unadilla  section  the  same  interval  is  filled  by  a 
preliminary  stage  of  the  Catskill  (F  1). 

4.  The  Ithaca  group,  of  the  state  reports,  contains  faunas  (A 
3-4)  which  I  have  defined  as  stages  in  the  successive  modifications 
of  the  Hamilton  fauna.  This  set  of  faunas  differs  from  the  Che- 
munor  fauna  in  the  absence  of  several  of  its  common  and  abundant 
species,  and  by  presenting  unmistakable  evidences  of  earlier  stages 
in  modification  of  species  which  are  near  enough  alike  to  be 
classified  under  the  same  specific  name. 

5.  The  series  of  modified  stages  of  the  Hamilton  fauna  (A  1-7) 
is  confined  to  the  sections  east  of  the  Canandaigua  meridian. 

The  lowest  stage  (A  1)  occurs  at  the  extreme  east,  where  the 
Tully  limestone  and  the  black  Genesee  shale  are  scarcely  to  be 
recognized.  The  third  and  fourth  stages  do  not  appear  at  the  ex- 
treme east,  but  only  in  the  Cayuga  and  Tioughnioga  sections, — 
their  place  farther  east  being  occupied  by  the  first  stage  of  the 
Catskill. 

The  following  stages  appear  in  the  more  eastern  and  fail  in  the 
Cayuga  section,  while  the  final  stage  (A  6  and  A  7)  extends  farther 
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west,   and   appears   after  the  Chemung   species  have  appeared 
in  the  deposits  of  the  region. 

6.  The  Catskill  deposits  of  Chenango  and  Otsego  counties  are 
intrinsically  not  distinguishable  from  the  upper  stage  of  the 
Catskill,  but  appear  at  a  lower  position  stratigraphically  in  the 
interval  occupied  by  the  ^^  Ithaca  group"  of  the  Cayuga  section  and 
by  the  middle  part  of  the  Portage  group  of  the  Genesee  section  ; 
but  paleontologically  they  are  immediatet3''  preceded  by  stages  of 
the  Hamilton  fauna  and  are  followed  by  later  stages  of  the  same 
general  fauna. 

7.  The  Chemung  fauna  appears,  in  what  I  consider  its  earliest 
biologic  stage,  in  the  central  sections  (D  and  D  1),  but  the  pre- 
dominant and  most  characteristic  species  of  the  Chemung  appear 
stratigraphically  earliest  in  the  more  western  sections  (D  4  of  Gi- 
rard  and  Chautauqua).  This  stage  of  the  fauna  appears  in  the 
upper  part  of  the  Chemung  group  of  the  more  eastern  sections, 
and  when  we  reach  the  more  extreme  part  of  the  area  (the  Ciie- 
nango  and  Unadilla  sections)  this  stage  of  the  fauna  is  all  that 
appears  and  is  there  represented  by  a  few  specimens  in  the  very 
upper  strata  just  before  the  final  incursion  of  the  Catskill  de- 
posits. 

The  investigations,  upon  which  this  paper  is  based,  were  begun 
privately  and  with  my  classes  in  Cornell  University.  For  the 
last  three  3*ears  they  have  been  conducted  in  connection  with  the 
United  States  geological  survey,  for  which  a  monograph  upon 
the  Devonian  faunas  is  in  preparation. 

Jthaca,  Augusty  1885. 
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Westward  extension  of  rocks  of  the  Lower  Helderberq 
PERIOD  IN  New  York.  By  Prof.  S.  G.  Williams,  Cornell 
University,  Ithaca,  N.  Y. 

[ABSTRACT.] 

Genuine  Lower  Helderberg  rocks  other  than  those  of  the  Water 
Lime  group  have  a  greater  westward  extension  in  New  York  than 
has  hitherto  been  supposed.  It  has  been  stated  that  they  are  con- 
fined to  the  eastern  part  of  the  state,  and  thin  out  entirely  before 
reaching  the  western  boundary  of  Oneida  county.  On  Cayuga 
Lake,  however,  there  are  about  seventy  feet  of  impure  limestones 
below  the  Oriskany  Sandstone  which  are  proved  to  belong  to  this 
age  by  containing  at  several  horizons  of  their  sparsely  fossilifer- 
ous  beds  such  undoubted  fossils  of  the  Lower  Helderberg  period 
as  Sbvphodonta  varistriata^  Spirifer  Vanuxevii^  Rhynchonella  seni- 
iplicata^  Anatinaf  sinuata^  Favosites  Helderbergioe  and  several 
others,  without  any  intermingling  of  such  forms  as  characterize 
tlie  Water  Lime  group.  There  are  here  nevertheless  no  traces  of 
those  marked  subdivisions  which  make  so  striking  a  figure  in 
Schoharie  Co. ;  and  this  is  undoubtedly  due  to  the  fact  that  the 
conditions  of  deposition  in  the  western  localities  remained  toler- 
ably uniform  throughout  the  age,  and  admitted  little  diversifica- 
tion of  life  forms,  while  in  the  east,  great  physical  alternations 
gave  rise  to  groups  of  strata  which  present  considerable  differ- 
ences in  forms  of  life  as  well  as  in  lithological  characters. 

On  the  outlet  of  Skaneateles  Lake,  about  twelve  miles  east  of 
Cayuga  Lake,  the  tliirty-tive  feet  of  limestones  which  are  exposed 
in  quarries  beneath  the  Oriskany  Sandstone,  contain  from  ten  to 
eleven  feet  of  seams  wrought  for  hydraulic  lime  fifteen  feet  below 
the  top  of  the  series,  and  these  seams  are  underlaid  by  beds  hold- 
ing Strophodonta  varistriata  and  Spirifer  Vanuxemi^  whilst  im- 
mediately beneath  the  Oriskany,  Stromatopora  occurs  abundantly, 
as  it  does  also  on  Cayuga  Lake,  the  conditions  of  deposition  pre- 
senting, therefore,  no  very  considerable  differences  at  these  two 
localities. 

At  Oriskany  Falls,  near  the  southern  boundary  of  Oneida  Co., 
a  station  tolerably  near  midway  between  Cayuga  Lake  and  Scho- 
harie, at  least  120  feet  of  limestones  are  revealed  below  the  Oris- 
kany Sandstone,  of  which  115  feet  were  measured.  The  upper 
twenty-six  feet  of  these  beds  are  gray  and  sub-crystalline,  whilst 
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most  of  the  remaining  beds  of  the  series  are  blue,  and  so  pure  as 
to  be  largely  used  for  lime-burning  and  for  flux  in  iron  furnaces, 
with  the  exception  of  seven  feet  of  impure,  grayish,  laminated  and 
occasionally  ripple-marked  beds  near  the  middle  of  the  series. 
The  lowermost  strata  for  at  least  forty  feet  contain  only  fossils 
which,  like  Spirorbis  laxus,  Chcetetes  fmticosus,  TentacuUtes  gyra- 
cantlius^  and  Spirifer  vanuxemi  associated  with  Leperditia  alta, 
characterize  the  Tentaculite  limestone  of  the  eastern  lociilities, 
whilst  the  remaining  beds,  which  are  abundantly  fossiliferous  at 
some  horizons,  show  a  complete  intermingling  of  lower  Peuta- 
merus  and  Delthyris  Shaly  Lime  forms,  save  immediately  beneath 
the  Oriskany  Sandstone,  where  two  species  of  the  Delthyris  Shaly 
lime  alone  were  found. 

It  is  inferred,  therefore,  that  at  this  somewhat  central  locality 
a  tendency  is  apparent  to  a  complete  obliteration  of  the  marked 
lithological  and  palteontological  subdivisions  which  appear  in  the 
easternmost  regions ;  and  that  in  the  western  localities,  this  sim- 
plification of  the  synchronous  strata  has  merely  been  carried  to 
almost  complete  uniformity,  with  a  gradual  thinning  of  the  series 
westward,  and  with  the  presentation  of  conditions  unfavorable  for 
the  existence  of  a  numerous  and  varied  fauna. 


The    occdrrencb    op    trap  rock  in  eastern  Kentcckt.      By 
Prof.  A.  R.  Crandall,  Lexington,  Ky. 

[abstract.] 

The  only  dike  known  in  Kentucky  is  that  which  has  recently 
been  brought  to  notice  in  Elliott  county.  This  dike  represents 
an  eruption  of  very  limited  extent  laterally,  and  carries  witii  it  no 
characteristic  topographical  features ;  the  intrusive  rock  (perido- 
tite)i  yielding  to  eroding  agencies  as  readily  as  do  the  including 
coal-measure  shales  and  sandstone. 

With  reference  to  the  general  geology  of  eastern  Kentucky,  it 
is  near  the  border  of  the  coal  field  ;  not  far  from  the  foot  of  the 
S.  E.  dip   of  the  broad  anticlinal  of  central  Kentucky,  which  in- 

*The  petrology  of  the  dike  will  be  the  subject  of  a  paper  by  J.  S.  Diller  of  the 
U.  S.  Geol.  and  Geog.  Survey. 
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volves  the  coal-measures  to  the  thickness  of  about  600  feet ;  or  to 
coal  six  of  the  Kentucky  reports.  The  dike  cuts  a  ridge  which 
reaches  to  that  level  in  two  lines  which  radiate  from  a  common 
point  in  the  valley  of  a  small  branch  of  the  Little  Fork  of  the 
Little  Sandy  river,  and  extend  westward  into  the  valley  of  Isom 
creek,  with  two  lateral  branches,  as  indicated  by  the  presence  of 
crystals  of  titanic  iron  and  other  remains  of  the  disintegrated 
dike,  and  of  fragments,  more  or  less  metamorphosed,  of  carbonif- 
erous shale.  The  whole  length  of  either  radiating  arm  is  probably 
less  than  one  mile. 

The  dike  is  eight  miles  S.  W.  of  Willard  ;  the  present  terminus 
of  the  E.  Kentucky  Railway.  It  is  a  few  miles  outside  of  the  well- 
marked  depression  known  as  the  Willard  basin.  It  is  also  near- 
the  westward  termination  of  a  belt  of  country  extending  from  W. 
Va.,  in  which  a  strong  dip  to  the  north  marks  the  border  of  a  geo- 
logical tableland,  and  along  which  the  oil  and  gas  wells  of  Law- 
rence and  Martin  counties  are  found. 


Native  antimony  and  its  associations  at  Prince  William, 
York  Co.,  New  Brunswick.  By  George  F.  Kunz,  New 
York,  N.  Y. 

The  Brunswick  antimony  mine  is  situated  in  Prince  William 
Parish,  York  county,  New  Brunswick,  on  the  right  bank  of  the 
St.  John  river,  twenty-four  miles  from  Frederickton,  and  ninety-six 
miles  from  St.  John,  New  Brunswick.  The  locality  was  discov- 
ered about  1860,  and  a  ^ew  years  later  the  Prince  William,  the 
Hubbard  and  the  Lake  George  mines^  were  opened ;  all  of  these 
were  ultimately  absorbed  by  the  Brunswick  mine.  At  the  present 
time  this  company  controls  a  tract  of  land  three  miles  by  five, 
containing  many  veins  of  stibnite  and  forming  one  of  the  largest 
antimony  deposits  known. 

In  the  early  working  of  the  mines,  native  antimony  was  only 
rarely  observed,  and  was  not  even  mentioned  in   the  reports  of 

iThts  locality  is  briefly  mentioned  by  Dr.  L.  W.  Bniley  in  a  letter  to  Prof.  B.  Silli- 
man,  see  American  Journal  of  Science,  2nd  Series,  XXXV,  160, 1863.  Messrs.  Hnyes  and 
Jackson  also  mention  ibis  locality  in  the  Geology  of  New  Brunswick  by  L.  W.  Bailey, 
1865.     See  aldo  Report  of  the  Geology  of  New  Brunswick,  1865,  by  Henry  Toule  Hind. 
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Prof.  G.  I.  Chase  and  Wm.  Petherick,  M.  E.,  in  their  prospectus 
of  the  Brunswick  Mining  Company.*      It  is  mentioned,  however, 
in  the  fifth  edition  of  J*.  D.  Dana's  System  of  Mineralogy,  p.  18, 
as  of  rare  occnrrenee  at  the  Prince  William  mine.     The  mining 
then  was  all  merely  on  the  surface,  but  within  the  last  two  3''ears 
it  lias  been  carried  on  to  a  considerable  depth.     At  a  depth  of 
from  100  to  160  feet  tlie  native  antimony  is  occasionally  found  in 
large  pockets,  some  of  which  contain  fully  one  ton  of  tlie  pure 
mineral ;  it  is  associated  with  stibnite,  valentinite  and  kermesite. 
In  its  most  common  form  the  mineral  is  very  compact  and  at 
times  finelj'  granular  in  appearance,  i-esembling  very  closely  the 
native  antimony  of  South  Ham,  Canada;  in  this  form  it  breaks  at 
times  witli  a  slightly  conchoidal  fracture  and  has  a  decided  steel 
blue   color.     The   forms   in   whicli   it  occurs   are    usually  either 
rounded  or  elongated  masses,  from  ten  to  twelve  inches  across, 
and  weighing  from  twenty  to  fifty  pounds  ;  it  passes  into  a  coarse 
granular  variety  where  it  very  closel}'^  resembles  the  mineral  from 
Sarawak,  Borneo.     The  most  remarkable  form,  however,  is  where 
it  occurs  in   radiated  masses   of  crystalline  plates.     The  single 
blades  are  from  one  to  two  and  occasionally  four  inches  in  length 
and  one-eighth  of  an  inch  across,  being  nearly  as  large  as  those 
of  the  artificial  metal  of  commerce.     The  radiations  seem  to  have 
massed  around  a  common  center,  as  if  the  mineral  had  cooled  or 
crystallized  slowly  from  without.     One  fine  mass  of  this  radiated 
tin-white  metal  measured  over  six  inches  across.    Very  small  micro- 
scopic crystals,  about  .05  mm.  in  size,  were  developed  by  removing 
the  calcite  with  acid,  and  mention  was  made  of  some  large  ones 
that  had  been  observed,  but  these  had  been  lost.     Some  of  the 
crystalline  cleavages  have  striations  similar  to  those  descril)ed  by 
Laspeyres^  that  are  also  observed  on  the  artificial  antimony,  and 
on  the  coarsely  grained  native  variety  from  Allemont ;  these  he 
refers  to  a  polysynthetic  twinning  with  24  2?  as  the  twinning-plane. 
The  specific  gravity  of  a   pure  piece  of  the  coarsely  cr^^stalline 
bladed  mineral  was  found  to  be  6.606  at  15°,  and  of  the  very  com- 
pact, finely  granular  mineral  6.693.      The  following  chemical  re- 
sults were  obtained  by  Mr.  James  B.  Mackintosh,  E.  M.,  School 
of  Mines,  New  York  City : 

*  Reports  of  Prof.  George  I.  Chase  and  Wm.  Petherick,  M.  E.,  to  the  Brunswick  An- 
timony Co.,  Boston,  1864. 

*  Zeitsch.  Deutsch.  Geol.  Ges.,  1875,  p.  674. 
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Coarse  grained  variety. 

Gangue  .         .         0.84  per  cent. 

Iron        .        .         .        0.11     "".      • 
Arsenic  .         .         0.86     "       " 

Fine  grained  variety. 

Gangue  •         .        5.04  per  cent. 

Iron        .         .         •         0.34     "       *' 
Arsenic  .    '    .         0.47     "       " 

The  difference  in  both  cases  is  metallic  antimony  free  from  other 
admixture  in  large  enough  amount  for  detection,  in  the  quantity 
used  for  the  examination  (one  gram.).  In  working  the  stibnite 
and  accompan^'ing  ores  on  a  large  scale,  to  make  the  golden  sul- 
phuret  (SbjSs),  gold  and  silver  were  observed  in  sufficient  quanti- 
ties to  suggest  the  working  of  the  ore  for  these  minerals. 

Stibnite  occurs  largely  in  the  quartz  veins  in  a  massive  form 
and  in  small  diverging  blades,  and  also  in  large  masses  with 
blades  from  four  to  six  inches  in  length,  and  from  one-quarter  to 
one-half  inch  across.  It  occasionally  occurs  also  in  very  small 
crystals  in  cavities,  usually  all  of  a  very  dark  graphite  color.  In 
the  seams  between  the  layers  of  native  antimony  the  valentinite 
occurs  in  massive  and  granular  forms ;  also  in  beautiful  radiations 
of  bunched  crystals,  the  radiations  measuring  over  one  and  a  half 
inches  across.  It  occurs  also  at  times  in  small  hemispheres  and 
in  small  isolated  imperfect  crystals  not  over  three  mm.  in  length. 

Kersemite  occurs  in  the  cavities  in  stibnite  and  the  antimony  in 
small  tufts  of  crystals,  none  of  which  were  observed  over  one- 
half  an  inch  in  length ;  it  occurs  also  in  small  hemispheres  as  a 
rule  in  the  cavities  in  the  native  antimony.  The  color  is  from  a 
dark  cherry  red  to  nearly  black,  and  the  fracture  of  the  antimony 
is  often  streaked  with  this  mineral.  Dyscrasite,  allemonite,  senar- 
monite  and  native  arsenic  were  looked  for  but  not  observed,  though 
it  is  highly  probable  some  of  these  may  yet  be  found. 

The  country  rock  is  a  black  argillite,  and  the  veins  of  quartz 
and  calcite  with  stibnite  which  traverse  it  vary  from  one  to  thirty 
feet;  they  are  similar  to  the  South  Ham,  Canada,  deposits.*^  At 
the  surface  one  of  the  principal  veins  had  a  dip  of  S.  80^^  £.  with 

«  Geology  of  C.inaila,  1813,  p.  87ft.  Report  by  Charles  W.  Willimott,  Geol.  Surrey  of 
Canada,  1880, 1881  and  1883.  p.  3,  G.  G. 
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a  depression  of  55®  N.  Several  other  veins  were  N.  .70°  W.  an«l 
S.  70°  £.  In  following  it  a  westerly  direction  from  the  points 
where  the  shafts  were  sunk  an  increase  of  dip  was  observed. 

I  take  pleasure  in  expressing  my  thanks  to  Mr.  C.  £.  Parsons, 
of  the  Brunswick  Antimony  Company,  for  his  kindness  in  fur- 
nishing information,  as  well  as  specimens  of  the  minerals  for  ex- 
amination. 


MiNERALOGiCAL  NOTES.     Bv  George  F.  Eunz,  Ncw  York,  N.  Y. 

Curious  form  of  beryl  from  Auburn,  Maine. 

In  my  possession  is  a  curious  beryl  found  by  Mr.  S.  C.  Hatch 
at  Auburn,  Me.,  of  imperfect  structure.  The  crystal  is  broken 
diagonally  across,  thus  showing  the  structure  to  very  good  advan- 
tage. It  is  30  cm.  high  and  22  wide,  and  has  fift\'  different  la^'ers, 
twenty-five  of  ber^^l,  and  the  remaining  twenty-five  of  albtte, 
quartz  and  muscovite.  All  the  corners  of  the  hexagonal  prism 
are  carried  out  in  full,  giving  the  beryl  an  aster! ated  appearance, 
and  making  it  a  striking  and  interesting  specimen. 

Capped  garnet  from  Raymond,  Maine. 

In  this  connection  the  fine  essonite  and  other  garnets  from 
Raymond,  Maine,  may  be  mentioned.  As  many  as  a  dozen  con- 
secutive layers  of  garnet  and  calcite  are  found  in  one  of  these 
crystals.  If  the  layers  are  removed,  a  perfect  crystal  is  found 
within.  One  of  these,  a  dodecahedron,  12  cm.  by  8,  breaking  at  a 
calcite  layer,  forms  a  very  beautiful  cap  crystal. 

Artificially  stained  turquoise  from  New  Mexico. 

Numerous  parcels  of  turquoise  have  recently  been  sent  east 
from  New  Mexico  and  among  them  were  small  lots  of  exception- 
ally fine  blue  color  for  American  turquoise.  This  color  did  not 
appear  to  be  natural,  but  the  stones  were  found  to  have  the  same 
specific  gravity  as  the  others  from  New  Mexico,  and  cut  with  the 
characteristic  soapy  ivory  cut.  It  was  only  after  the  back  had 
been  scraped  off  to  some  depth  that  the  fact  was  revealed  that  they 
were  artificially  stained   turquoise  ;  the  coloring  matter  employed 
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was  the  same  as  used  in  Germany  to  make  the  breccia  agate  re- 
semble lapis-lazuli,  for  which  the  former  is  often  palmed  off  on 
tourists.  In  this  case,  however,  the  prussian  bine  is  onl}'  a  super- 
ficial staining  and  the  intensity  of  the  blue  is  modified  by  the 
green.  It  can  be  easily  removed  without  injury  to  the  stone  by 
scraping  the  back  with  a  knife.  Prussian  blue  dissolves  readily 
in  (NH4HO)  ammonia,  so  that  the  simplest  test  is  obtained  by 
washing  the  stone  in  alcohol  and  wiping  it  to  remove  any  grease 
and  then  laying  it  in  ammonia  for  a  moment.  The  blue  color  will 
partially  or  wholly  disappear,  and  the  gem  will  resume  its  natural 
greenish  hue. 

If  it  were  desirable  to  examine  the  stone  without  destroying  Uic 
color,  it  would  be  better  to  cover  the  face  with  wax,  allowing  it  to 
project  above  the  back  and  then  pour  a  little  strong  ammonia  into* 
this  groove.  If  artificial,  the  difference  of  the  shades  on  the  two 
sides  would  be  marked.  If  stones  thus  colored  were  worn  in  rings 
their  color  would  very  soon  be  affected  by  the  water  used  in  wash- 
ing the  hands.  Ammonia  does  not  affect  the  color  of  true  Persian 
turquoise,  although  washing  the  hands  with  them  on  usually  does. 
By  artificial  light,  the  color  of  this  stained  turquoise  is  rather 
gray-blue  and  appears  duller  instead  of  brighter,  as  is  the  case  with, 
the  genuine  turquoise.  A  stone  worth  100  to  200  dollars,  if  found 
to  be  stained  would  depreciate  to  only  one-hundredth  part  of  its 
original  value.  This  deception  is  to  be  regretted  since  it  will 
cast  suspicion  on  any  fine  turquoise  that  may  be  found  in  thi» 
country  in  the  future ;  the  test  is  so  simple,  however,  that  any 
one  can  satisfy  himself  as  to  authenticity.  I  would  add  that  a 
few  stones  have  been  cut  from  New  Mexican  turquoise  which 
had,  at  the  time  of  cutting,  a  very  good  blue  color,  but  it  changed 
to  the  characteristic  green  within  a  few  days. 

Beryls  and  Oarnets  from  Colorado, 

Near  Mt.  Antero,  in  the  Arkansas  Valley,  Chaffee  Co.,  Colo- 
rado, some,  very  fine  blue  beryls  have  been  found,  resembling  in 
color  and  general  appearance  those  from  Mourne  Mt.,  Ireland. 
The  crystals  vary  from  25  to  30  mm.  in  length  and  5  to  8  mm. 
in  width,  and  are  quite  transparent  in  some  parts.  The  faces  ob- 
served were  0,  2-2,  1  of  the  pyramid  and  I  and  i  i  of  the  prism. 
Some  of  the  crystals  were  perfect  enough  to  furnish  small  deep-blue 
gems. 

A.  A.  A.   S.,  VOL.   XXXIV.  16 
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Near  Salides,  Colorado,  large  quantities  of  common  dodecabe- 
•dral  garnet  crystals,  coated  with  chlorite,  have  been  found,  some- 
what similar  to  those  from  the  Lake  Superior  region.  These 
garnets,  however,  are  only  superficially  altered  and  the  chlorite 
is  of  a  lighter  color.  Some  hundreds  have  been  found,  equalling 
in  size  the  crj'stals  from  Burke  Co.,  N.  C,  and  averaging  about 
one  pound  in  weight.  A  number  weigh  over  two  pounds  and  a  few 
Tange  from  four  to  eight  and  one-half  pounds. 


The  tourmaline    locality  at  Rumford,  Oxford  Co.,  Maine. 
By  George  F.  Kunz,  New  York,  N.  Y. 

[abstract.] 

The  Rumford  tourmaline  locality  is  situated  in  the  northeast 
part  of  Rumford  town,  in  Oxford  Co.,  Maine,  on  the  northwest 
slope  of  Mt.  Black,  about  1500  feet  above  sea-level.  The  vein 
has  been  uncovered  for  the  length  of  250  feet,  and  found  to  be 
quite  irregular,  varying  from  30  to  100  feet  in  width,  and  dipping 
northeast  and  southwest  at  an  angle  of  about  60°.  The  rock 
is  a  coarse  granite  with  mica  schist  overlying. 

This  locality  was  discovered  by  Mr.  E.  M.  Baile}',  in  October, 
1878,  but  the  first  blasting  was  not  done  until  Ju\y^  1883.  The 
finest  specimens  were  procured  in  the  fall  of  1883.  The  Mt.  Mica 
Co.  had  some  work  done  here,  and  since  they  stopped  Mr.  E.  M. 
Bailey  has  worked  the  solid  ledge  to  a  depth  of  3  to  10  feet. 

The  lepidolite  found  here  is  finer  grained  than  that  from  the 
other  Maine  localities.  One  form  is  in  scales  not  over  1  mm. 
across,  quite  compact,  and  occurs  in  large  masses  of  a  beautiful 
lilac  color,  closely  resembling  the  mineral  from  Altenberg,  Saxony. 
A  characteristic  form  is  of  a  light  lavender  color,  very  compact, 
and  has  scales  not  more  than  1  to  25  mm.  in  width,  penetrated  in 
every  direction  by  crystals  of  rubellite,  which  are  of  a  liglit  or 
dark  shade  of  red.  This  association  is  very  similar  to  that  from 
the  well-known  locality  of  Rozena,  in  Moravia.^  Rubellite,  indico- 
lite,  and  the  green  tourmalines,  are  the  common  varieties  at  this 
locality.  Both  these  minerals  exhibit  a  tendency  to  radiate,  as- 
suming this  form  also  when  they  occur  side  by  side  in  one  radia- 

^These  forms  are  so  compact  that  they  could  be  used  for  orDamenlal  purposes. 
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tion.     Perfect  crystals   are  exceptional.     Masses  of  rubellite  8 
cm.  long   and  4  cm.  thick  are  found.     One  section  of  a  rubellite 
crystal  with  a  centre  of  a  lighter  color,  was  terminated  almost  en- 
tirely by  a  large  oplane.     Small  green  crystals  with    red  centres 
and  red  crystals  with  green  centres  1  cm.  across  were  observed, 
and  also  flattened  crystals  between  plates  of  a  beautiful,  silvery 
muscovite.     Fine   colored   rubellite,    almost   fit  for  gems,  at  the 
juncture  with  and  in  white  quartzite.     Dark  indicolite,  in  short, 
imperfect  cr3^stals   4  cm.  long  and  3  cm.  thick,  was  found  ;  also 
cassiterite  in  imperfect  crystals,  one  an  ounce  in  weight,  on  cleave- 
landite  with  one  bright  face ;  columbite   in  thin-bladed  crj'stals, 
some  of  them  2  cm.  by  1  cm.  by  1  mm.  thick,  in  cleavelandite. 
Spodumene  was  observed  in  imperfect  crystals  7  cm.  long,  and  in 
fine  cleavages  10  cm.  b}'^  6,  and  fine  compact  amblygonite  in  masses 
4  cm.  by  2  cm.     Triplite  was  observed  in  small,  irregular  masses. 
Future  working  will  evidently  bring   gems  and  better  crystals 
to  light,  though  it  is  doubtful  if  they  will  equal  those  from  Paris 
and  Auburn.     Dr.  A.  C.  Hamlin  and  Mr.  N.  II.  Perry  kindl}'  pro- 
vided me  with  specimens ;  and  Mr.  E.  M.  Bailc}'  has  furnished 
me  with  considerable  information,  as  well  as  specimens. 


A    PSEUDOMORPH    OP   FELDSPAR   AFTER   LEDCITE  (?)  FROM   MaGNET 

Cove,  Arkansas.  By  George  F.  Kunz,  New  York,  N.  Y. 

[ABSTRACT.] 

Five  j^ears  ago  one-half  of  a  trapezohedral  crystal  was  sent  to 
me  along  with  a  lot  of  minerals  from  Magnet  Cove,  Arkansas. 
The  first  glance  showed  that  it  was  an  alteration  and  not  a  natural 
mineral.  The  only  mineral  in  this  localit}'  from  which  it  would 
be  likely  to  be  altered  is  the  well-known  crystallized  melanite, 
usually  filled  with  schorl omite.  Having  often  observed  a  graj-ish 
and  yellowish  alteration  on  the  surface  of  the  melanite  and  also^ 
the  altered  jjerofskite  from  this  locality  (the  h3'drotitanite  of 
Konig)  and  the  altered  vermiculite,  called  protovermiculite  byKo- 
nig,2  it  seemed  not  unreasonable  to  suppose  that  this  might  be  one 

•   *  Proc.  Acnd.  Nat.  Sciences,  Phila.,  p.  82, 1876. 
'  Proc.  Acad.  Nat.  Sciences,  Phila.,  p.  269, 1877. 
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of  the  same  class  of  decompositiou  products.  This  crystal  was 
sent  to  Dr.  F.  A.  Gentb,  who  kindly  analyzed  it  with  the  follow- 
ing result : 

(1)         •    (2)  Mean. 

Dr.  F.  A.  Oenth.    Bergemaan, 
Oberweisentbal 

2.95 

60.77  60.46 

22.13  22.11 

0.44  1.98 

0.05  1.22 

0.36  0.53 

13.91  13.53 


H,0 

==    2.90 

3.00 

SiOa 

=  60.81 

60.72 

AlA 

=  22.45 

21.80 

FejOa 

=    0.45 

0.43 

MgO 

^^^ 

0.05 

Na^O 

=    0.36 

K,0 

=  13.91 

Koop, 
Vogelaberg. 

56.61 

22.92 

2.33 


100.61 


2.95 
13.65 
1.68  CAO 


^  very  compact  crystals. 


The  specific  gravities  of  five  crystals  were  as  follows : 

No.  1  2.37     very  much    disintegrated 

and  not  well  to  use. 
No.  2  2.43  ^ 

"    3  2.44 

"    4  2.44 

"    5  2.45 

Mean  of  four  crystals  2.44 
Leucite  Bocca  Monfina  2.444 

This  analysis  was  completed  about  one  year  ago,  but  the  por- 
tion of  the  crystal  returned  was  lost,  and  as  the  matter  had  not 
been  fully  investigated  the  results  were  not  published.  Until  two 
months  ago  this  was  the  only  crystal  that  had  been  observed.  At 
that  time  two  more  were  found,  and  within  one  month  more,  over 
one  hundred  crystals  were  obtained,  thus  precluding  all  doubt  of 
its  being  of  domestic  origin. 

When  an  attempt  was  made  to  break  oflf  one  of  the  crystals, 
measuring  thirty-five  mm.,  that  the  internal  structure  might  be 
examined,  instead  of  a  complete  fracture  a  shell  five  mm.  in  thick- 
ness cracked  off,  revealing  a  perfect  inner  trapezohedral  crystal. 
A  slice  of  this  extending  to  the  core  was  taken  out  by  Dr.  G.  F. 
Merrill,  who  reports  as  follows : 

'^  From  my  examination  of  the  thin  section  I  find  the  structure 
quite  homogeneous,  but  spherulitic,  nearly  the  entire  mass  being 
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made  up  of  the  small,  spherulitic  bodies  shown  in  the  photograph. 
These  bodies,  which  are  a  millimeter,  or  upwards,  in  diameter, 
consist  of  a  central,  nearly  colorless,  mass,  non-dichroic,  but  giv- 
ing the  polarization  of  an  aggregate  in  faint,  iridescent  colors. 
This  centre  is,  in  many  cases,  stained  yellowish  b}^  metallic  oxides. 
Beyond  the  centre  is  a  zone  consisting  of  radiating,  columnar  bod- 
ies of  indefinite  outline,  giving  no  colors  between  crossed  nicols, 
but  showing  their  greatest  extinction  nearly  always  parallel  to  lines 
drawn  from  the  centre  of  the  spherulite  toward  the  circumference. 
The  spaces  between  these  columnar  bodies  are  filled  with  the  same 
colorless  aggregate  as  the  central  portions  of  the  spherulites.  These 
last,  it  may  be  stated,  are  not  in  all  cases  spherical  in  outline,  but 
often  irregularly  elongated,  having  evidently  interfered  with  one 
another  in  process  of  formation.  Those  toward  the  centre  of  the 
crystal  are  most  elongated,  while  those  toward  the  outer  portion 
of  the  crystal  are  less  clos.ely  compacted  and  hence  possess  a  cir- 
cular outline,  as  seen  in  the  plate.  The  difference  in  shape  is",  so 
far  as  I  can  determine,  the  only  distinguishing  feature  between  the 
outer  crust  of  the  pseudomorph  and  the  more  compact  interior. 

What  I  have  written,  you  perceive,  furnishes  no  clew  whatever 
as  to  what  the  original  mineral  may  have  been,  and  I  am  able  to 
obtain  no  measurements  of  extinction  or  crystal lographic  angles 
that  shall  help  me  in  the  least." 

The  fact  that  the  outer  shell  broke  off  would  indicate  that  this 
is  a  garnet  alteration,  since  the  point  of  breaking  may  be  the  point 
of  contact  with  the  schorlomite  (usually  enclosed  in  garnet), 
but  the  analysis  agrees  so  remarkably  with  Bergmann's  analysis 
of  a  feldspar  (closely  resembling  oligoclase  in  composition)  after 
leucite,  from  Oberweisenthal,  in  Bohemia  (J.  pour  Chemie,  Ixxx, 
418),  that  the  facts  were  not  published  until  more  material  could 
be  obtained. 

This  similarity  is  found,  moreover,  not  only  in  the  analyses,  but 
even  in  the  general  appearance  of  the  minerals,  which  could  not  be 
distinguished  by  a  casual  observer  from  the  mineral  from  Ober- 
weisenthal, Bohemia.  The  large  percentage  of  potash,  almost 
fourteen  per  cent,  would  suggest  alteration  from  leucite  (Bischof, 
see  analysis  of  the  Rocca  Monfina  alteration)  and  it  agrees  very 
nearly  with  Knop's  analysis  of  the  mineral  from  Vogelsberg  (Jahr- 
buch  Min.,  1865,  685). 

The  color  of  the  crystals  varies  from  yellowish  brown  to  brown  ; 
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internally  usually  either  grayish- white  or  yellowish-white  to  light 
brown ;  and  the  structure  is  very  finely  granular. 

The  crystals  found  vary  in  size  from  10  mm.  to  45  mm.  and  are 
all  trapezohedrons  (2,  2).  The  dodceahedral  faces  found  on  the 
melanite  of  this  locality  were  not  observed  on  any  of  the  altered 
crystals.  Heretofore  leuclte  has  never  been  observed  at  this  lo- 
cality, but  if  this  proves  to  be  an  alteration  from  that  mineral, 
leucite  may  yet  be  found  in  its  unaltered  form  and  in  considerable 
quantity,  judging  from  the  abundance  of  pseudomorph  forth- 
coming. 


Meteoric  iron  from  Jenny's  Creek,  Wayne  Co.,  West  Va.     By 
George  F.  Kunz,  New  York,  N.  Y. 

During  the  early  part  of  last  April  a  9-oz.  piece  of  mineral, 
supposed  to  be  silver,  was  sent  to  Dr.  H.  G.  Torrey  for  determi- 
nation by  Major  Delafield  Du  Bois,  of  Charleston,  West  Va.  On 
examination,  Dr.  Torrey  found  it  to  be  an  iron  of  meteoric  origin, 
and  kindly  loaned  it  to  me  for  description.  The  piece  delivered 
to  me  was  supposed  to  be  all  of  the  fall,  and  on  this  supposition 
it  was  described  as  the  Charleston,  Kanawa  Co.,  West  Va.,  meteo- 
rite at  the  time  of  reading  this  paper  at  the  Ann  Arbor  meeting ; 
but  since  then  by  the  kindness  of  Major  Du  Bois,  Mr.  J.  F.  Hoard 
and  Jno.  N.  Tilden,  who  went  to  considerable  trouble  in  ascertain- 
ing it,  I  am  able  now  to  announce  the  true  locality. 

Mr.  Hoard  writes  that  the  iron  was  found  on  land  belonging  to 
Maston  Christian,  sitfiated  on  the  *' Old  Fork"  of  Jenny's  Creek, 
a  tributary  of  the  "Tug  Fork"  of  Big  Sandy  River  (Tug  Fork 
being  the  boundary  line  between  West  Virginia  and  Kentucky), 
in  the  upper  end  of  Wayne  count3\  The  pieces  were  all  found  in 
the  creek  bed,  i.  e.,  the  ravine  or  gulch  through  which  the  creek 
flows.  The  first  piece,  weighing  probably  two  or  three  pounds, 
was  found  by  Christian's  wife  some  time  earlier  than  the  spring 
of  188.3.  It  was  supposed  to  be  simply  a  rich  ''  kidney  "  of  limon- 
ite,  and  was  soon  lost  sight  of.  In  the  spring  of  1883,  however, 
a  second   piece  was  found  by  Christian  himself  while  drifting 
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staves  in  the  creek.  This  piece  which  weighed  about  twenty- 
three  pounds,  created  considerable  excitement  and  speculation. 
It  is  even  stated  that  a  shrewd  speculator,  who  had  iu  his  posses- 
sion  a  lump  of  the  metal,  had  realized  largely  by  burying  it  on 
different  lands,  digging  it  up  again,  and  then  selling  the  pieces  of 
property  successively  as  being  silver  bearing.  The  rumor  was 
cuirent  that  the  vein  was  from  nine  to  sixteen  inches  thick.     It 
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was  broken  up  and  distributed  among  several  parties  interested  in 
tlie  find,  and  as  it  was  friable,  much  of  it  was  lost  in  this  manner. 
About  tlie  first  of  December,  laSo,  a  third  fragment  was  picked 
up  by  Mr.  Christian  in  a  pool  of  still  water  only  about  fifteen  or 


twenty  feet  from  where  he  had  found  the  other.  It  weighs  S35 
grama  (about  17  oz.),  is  all  broken  except  one  side  which  is 
altered  to  limonite  and  has  no  visible  trace  of  unaltered  crust. 
Its  measurements  are  eighty-eight  mm.,  fifty-seven  mm.  and  forty- 
six  mm.    The  total  amount  found  thus  far  in  the  three  pieces  is 
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probably  twenty-six  or  twenty-seven  poiinda.  Both  of  these  Utter 
pieces  were  fotind  in  water  and  had  a  coaling  of  rnst  or  earthy 
matter  Bimilar  to  that  found  on  "kidneys"  of  ore,  which  was  re- 
moved easily  with  the  hands  or  by  washing." 

The  iron  is  octahedral  and  made  upof  crystal  line  blocks  of  plessite 
and  hanaaclte,  irregular  in  shape,  brittle,  having  rounded  ends  and 
cleaving  readily.  Between  these  are  also  thin,  springy  and  flexible 
folia  or  plates  of  schreibersite,  some  of  which  are  6  or  8  moi. 
square.  The  latter  mineral  traa  also  observed  in  two  other  small 
pieces  sent  to  me.  Troilite  was  also  observed  in  these.  The  oiigi- 
nal  weight  of  the  piece  loaned  me  for  description  was  275  grams ; 
one  small  slice  of  34.5  grams  weight  had  been  removed  to  show 


the  internal  structure,  so  that  the  larger  piece,  fig.  3,  now  weighs 
228.2  grams.  The  three  cuts  show  the  exact  size  of  these 
pieces,  and  the  markings  on  the  etched  surface  as  well  as  the  octa- 
hedral structure  on  the  exterior  of  the  iron  have  been  accurately 
reproduced  by  photography  direct  from  the  iron.  (Original  size  as 
follows  :  length,  66  mm  ;  width,  40.5  mm  ;  height,  33.5  mm.)  The 
exact  date  of  the  fall  is  not  known,  and  the  surface  where  not 
cracked  off  is  altered  to  limonite  to  a  depth  of  2  mm.  It  belongs 
to  {he  Grobe  lamillte  of  the  new  classification  of  Dr.  A,  Bi-ezina. 
The  Sevier  Co.,  and  Cocke  Co.,  Tenn.,  and  the  Arva  irons  neai'est 
approach  it  in  structure. 

The  following  analysis  was  kindly  made  by  Mr.  J.  B.  Mackin- 
tosh, E.  M.,  of  the  School  of  Mines,  New  York :— 
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Iron         91.56 

Phosphorus 0.13 

Nickel  and  cobalt     )  o  01 

by  dinerence 


) 


100.00 

The  specific  gravity  of  the  figured  mass  is  7.344 :  that  of  the 
small  mass. 

The  iron  does  not  show  any  Widraannstatten  figures,  the  crystal- 
line structure  being  really  brought  out  in  relief  by  the  schreiber- 
site  between  the  crystalline  surfaces.  Since  the  iron  was  scattered 
so  much  in  small  pieces,  we  may  expect  to  see  them  turn  up  as  a 
number  of  different  falls,  but  the  coarsely  crystalline  structure, 
and  the  broken  appearance  of  the  pieces,  which  are  characteristic 
of  this  fall,  will  at  once  identify  them. 

The  late  Judge  M.  J.  Ferguson,  while  residing  at  Louisa,  Ky., 
communicated  to  Mr.  S.  Floyd  Hoard,  that  one  summer  about  five 
years  ago,  at  about  one  a.  h.,  he  witnessed  a  meteor  of  wonderful 
brilliancy  falling  in  the  direction  of  the  spot  where  these  fragments 
have  since  been  found :  and  that  he  predicted  at  the  time  that  one 
would  probably  be  found  in  that  vicinity.  The  windows  facing 
that  way  were  open,  and  the  curtains  drawn  back.  The  light  was 
as  brilliant  as  noonday,  and  of  sufficient  duration  for  him  to  step 
to  the  window  and  see  the  meteorite  as  he  thought  a  short  distance 
away,  and  surely  within  the  limits  of  Wayne  county. 

There  is,  therefore,  a  strong  probability  that  the  pieces  now 
being  described  are  fragments  of  the  identical  meteorite  which 
startled  Judge  Ferguson  on  that  night.  The  fact  that  these 
masses  of  meteoric  iron  were  found  in  water,  and  that  all  the 
branches  of  the  creeks  in  this  county  are  subject  to  strong  floods 
of  a  few  hours  duration,  but  sufiScient  to  float  logs  while  they  last, 
may  account  for  the  finding  of  these  three  pieces,  evidently  frag- 
ments of  one  piece  of  very  friable  iron,  scattered  as  they  were, 
and  also  for  the  oxidation  of  the  crust  of  the  iron,  which  might 
have  remained  intact  for  a  much  longer  period,  had  the  meteorite 
buried  itself  in  the  earth.  Of  the  twenty-six  or  twenty-seven 
pounds  which  were  found,  only  about  two  pounds  have  been 
preserved.  I  am  under  obligations  to  Major  Delafield  Du  Bois, 
Mr.  S.  Floyd  Hoard  and  Dr.  Jno.  N.  Tilden  for  information,  care- 
fully and  laboriously  obtained. 


Notes  ok  a  beharkable  collection  op  bougb  diauonds.     By 
Geobge  F.  Kcnz,  New  York,  N.  Y. 

Among  a  collection  of  rough  diamond-ciystnlsnow  on  exhibition 
at  Mesaia.  Tiffany  &  Co.'s,  New  York,  aie  a  few  worthy  of  special 
mention.  The  featuie  of  the  coUection  is  thnt  it  is  mnde  up  of  nin- 
terial  regardless  of  tlie  price  of  the  crystals.  Mineral  cabinets 
usually  contain  only  diamond  crystals  that  Lave  little  commercial 
value  ;  hence  many  crystals  exhibiting  the  finest  and  most  unique 
forms  never  leave  the  paper,  except  to  go  to  the  cutter.  The 
really  fine  material  is  seldom  examined  by  the  practical  miuernlo- 
gist.  If  he  wishes  to  purchase,  he  calls  for  the  paper  of  niaterinl 
that  he  can  afford  to  select  from  in  the  hope  that  it  may  contain 
something  of  interest  to  him.  The  collection  was  formed  by  one 
of  tlie  largest  dealers  in  rough  diamonds  in  the  world,  who  is  also 
financially  interested  in  South  African  diamond-mining.  With 
his  facilities  and  capital,  be  could  select  the  best  crystals,  regard- 
less of  value,  for  if  he  lost  enthusiasm  the  only  sacrifice  would  be 
the  intcrestofthe  money  invested  by  Lira  even  if  he  could  not  further 
realize  on  them  as  raineralogical  specimens. 

There  is  also  a  splendid  suite,  representing  most  of  the  South 


African  occurrences.  The  rock  is  what  is  commonly  called  "blue 
stuff"  and  crops  out  across  the  "black  shale."  It  is  a  true  con- 
glomerate, formed  of  an  altered  enstatile,  and  is  chiefiy  a  liydrated 
silicate  of  magnesia.  All  through  this  apparently  pasty  mass  an- 
gular fragments  of  the  black  carbonaceous  shale,  and  those  fine 
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large-sized  garnets  which  sell  as  "Biibin  dii  Cap"  in  Favis,  are 
found.  A  very  interesting  associate  is  tlie  chioniiura  diopside 
(euklogite).  a  variety  of  pyroxene,  of  which  tliereis  a  remarkable 
specimen  75  mm.,  48  mm.,  35  mm.  This  foim,  usually  found  in 
small  pieces  not  over  20  mm.  long,  is  of  a  rich  darlc  green  color 
occurring  darker  here  than  at  any  other  locality  where  it  is  found 
in  gem  form. 

Vaalite,  n  Itydrated  mica,  is  also  visible  in  a  variety  of  forms  in 
most  of  this  series  of  specimens. 

No,  4  {fig.  1)  is  of  unusual  interest.  It  is  a  fragment  of  a 
large  yellowish  octahedral  diamond,  about  30  carats  in  weight,  and 
measuring  24  mm.  and  32  mm.  respectively,  on  different  octahe* 
dral  faces.  It  is  9  mm.  thick  on  one  side  and  5  ram.  on  another. 
Before  it  was  brotcen  the  crystal  probably  weighed  from  70  to   80 


carats  at  least.  The  fact  that  the  broken  side  of  the  crystal  is  im- 
bedded in  the  rock  clearly  shows  that  the  latter  is  a  secondary  for- 
mation. (Fig.  2  is  a  diamond  in  the  river  conglomerate.) 

No.  83  is  a  1^^  carats  fragment  measuring  5  mm.  by  2  mm.  of 
a  whitish  diamond.  On  its  cleavage  face  a  small  group  of  cubes 
of  iron  pyrites  is  deposited,  also  a  secondary  formation,  since  it  is 
partly  on  a  cleavage-surface,  and  does  not  penetrate  the  stone. 

No.  82  has  some  interest  also.  It  is  a  dirty-white,  irregular 
crystal,  measuring  9mm.  by  5mm.  by  5mm.,  weighing  1^^ carats, and 
deeply  pitted,  apparently  by  pressing  against  the  sur-  .^^^T^ 
rounding  matrix  during  formation.  Three  lots,  era-  ^F  ■  | 
bracing  20  specimens  in  all,  are  well  worthy  of  inspec-  ^^  iJ 
tion,  as  examples  of  the  variety  of  diamond  called  Fi<i.3. 

"extreme  durete"  by  the  French  {ai)parenltff  a  distinct  form  of 
the  diamond).  This  "hard  round-bort"  (fig,  3)  is  often  called 
the  "roiled  diamond  ;"  a  palpable  misnomer,  since  the  diamond 
cannot  be  rolled.    There  is  nothing  in  naturehard  enough  to  abrade 
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it  except  the  diamond  itself,  and  this  is  never  foond  in  sutBcient 
quantity.  Moreover,  tbe  form  andcr  consideration  is  quite  uncom- 
mon and  so  excessively  hard  (see  Science,  Vol.  Ill,  No.  69,  May 
1884)  that  it  could  never  be  abraded  under  any  natural  circum- 
stances, not  even  with  an  entire  pothole  of  diamonds,  a  very  un- 
likely occurrence.  It  requires  100  days  to  put  a  slight  polish  on  a 
surface  5  mm.  square.  For  instance,  ^^The  Kohinoor  (with  2000 
square  mm.  of  surface)  was  cut  in  38  days  of  12  hours  each,  making 
a  total  of  456  hours,  while  it  took  1000  hours  or  nearly  twice  as  much 
time,  to  jx7^t8/i  the  5  mm.  surface  mentioned  above.  The  wheel  (14 
inches  in  diameter)  had  travelled  over  75000  miles,  revolved  2800 
times  per  minute,  about  the  highest  rate  of  speed  used  in  dia- 
mond-polishing, which  would  make  the  resistance  at  the  very  least 
100  times  as  great.     (See  Am.  Joum.  of  Science,  Jul}',  1885.) 

This  form  is  made  up  of  a  multiplicity  of  twinnings  of  cubes  or 
radiating  agglomerations  of  cubes.  The  roughness  is  evidently 
due  to  the  fact  that  the  cube  face  in  nearl^*^  all  diamonds  is  indis- 
tinct, which  was  characteristic  of  all  cases  observed  here. 

At  times,  instead  of  twinning,  cubes  have  been  noted  that  were 
made  up  of  an  apparent  fibrous  grouping,  resembling  a  round  ball, 
but  really  made  up  of  a  bunching  of  cubes.  This  is  the  case  also, 
in  some  distorted  forms  without  this  ball-like  appear- 
ance ;  one  specimen  resembles  a  piece  of  putty  after 
compressing  between  the  fingers,  one  side  being  en- 

rio.4.       tirely  flattened  and  the  other  somewhat  convex  (^g,  4). 

Another  interesting  specimen  is  a  piece  of  this  hard  round  bort, 
(fig.  5)  with  a  perfect  octahedron  of  crystallized  dia- 
mond penetrating  (?)  and  projecting  above  the  mass, 
showing:  that  the  two  forms  have  crvstallized  under  differ- 
ent  conditions ;  also  two  broken  masses  of  the  same, 
both  of  which  reveal  a  structure  radiating  from  the  centre  *^<»-5. 
of  the  mass  (fig.  6).  As  none  of  these  have  been  ob- 
served in  South  Africa,  so  far  as  I  can  learn  after  a 
y^/  wide  inquiry,  it  seems  probable  that  both  this  hardfoim 
Fig.  6.     and  the  cube  form  of  diamond  are  peculiar  to  Brazil. 

The  most  beautiful  inclusions  are  in  lot  26.  Among  others  are 
two  octahedrons  and  two  hexoctahedrons,  all  white,  weighing  about 
J  carats  each,  and  measuring  3  mm.  in  diameter,  which  contain 
large  spots  of  a  rich  aurelian  red  inclusion  from  .5  to  2  mm.  in  size 
(perhaps  red  oxide  of  iron?)     In  addition  to  this  these  stones  also 
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contain  black  carbon  inclusions,  which,  contrasted  with  the  white 
stone  and  the  brilliant  red,  pi*esent  a  beautiful  appearance.  It  is, 
in  fact,  one  of  the  most  beautiful  of  included-mineral  specimens. 
No.  34  is  a  much  flattened  and  distorted  dodecahedron,  13  mm. 
by  8  mm.,  by  3  mm.  Fully  one-half  of  the  whole  centre  and  of 
one  side  is  filled  with  a  curious,  broken,  almost  dendritic  mass  of 
carbon,  which  allows  the  light  to  pass  through  it  in  many  places. 

In  lot  31  there  are  35  cr^'stals  varying  in  weight  from 
^  to  3  carats,   all   dodecahedrons   with   curved  faces, 
which  are  often  irregular  and  broken.    Nearly  all  of  them 
are  brown,  and  contain  carbonaceous  inclusions.     The      ^'^'  '^' 
most  remarkable  one,  however,  is  a  flat  (7  mm.  by  2  mm.)  crystal, 
A       almost  entirely  filled  with  a   black  inclusion,   in   three 

i^^    triangular    divisions   with    interspaces   of  nearly   equal 
width  (fig.  7).     This  stone,  if  polished,  would    make  a 

Fio.  8.  wonderful  clover-leaf  diamond,  similar  to  those   in  the 
Jardin-des-Flantes  and  at  Munich. 

No.  50  is  a  beautiful,  white  spinel-twin,  1  j^  carats  in  weight, 
5mm «  on  each  triangle,  and  1mm.  thick, 
with  a  round,  black  inclusion,  occupying  all 
the  centre  of  the  stone ;  and  is  a  fine  gem 
uncut  (fig.  8)  also  a  series  of  white  spinel- 
twins  fig.  8a. 

In  lot  58  there  are  five  examples  of  accidental  viq.  8,  a. 

intergrowths  of  pure  white  octahedrons.  One  of  6  mm. 
(fig.  9)  has  a  small  crystal  (2  mm.)  projecting  from  the 
side,  and  the  other  four  representing  the  same  type, 
only  less  distinctly  formed,  show  very  interesting 
I"!©.  9.  gpQQpingg  of  two  crystals,  one  having  a  fine  penetra- 
tion octahedron  (fig.  10). 

No.  59  (fig.  10)  is  a  tiue  white  octahedral  crystal  (8  mm.)  from 
which  one  face  of  the  octahedron  has  been  removed  by  cleaving. 
After  this  plate  was  removed  an  inner  crystal  dropped     ^^ 
out.    This  inner  crystal  (2.25  mm.)  was  enclosed  at  %iJEfv^      ^ 
an  angle  directly  opposite  to  that  of  the  plane  of     ^Br 
cleavage,  and  as  several  of  the   faces  show  com-        Fio.io. 
pression,  it  was  probably  formed  simultaneously  with  the  larger 
crystal.     And  what  is  more  interesting,  one  point  of  the  octahe- 
dron has  been  broken  at  a  carbonaceous  inclosure  in  such  a  man- 
ner as  to  leave  a  small  part  of  it  in  the  larger  crystal.     This  can 
be  readily  seen  with  the  glass  and  appears  to  be  a  polished  cnbe 
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inner  ciystal  wbicli  is  white  and  transparent.  The  outer  layer  is 
gray  and  mixed  with  impurities,  and  there  was  evidently  a  lack  of 
material  to  cover  tlie  faces  completely  over,  so  that  the  surface 
was  left  rough,  but  with  a  sharp  and  well  defined  crystalline  form. 

In  No.  14  there  are  two  octahedrons  (6  mm.  to  7  mm.)  having  a 
very  opaque,  gray  crust,  yet  transparent  internally.  If  this  crust 
were  removed,  as  is  often  done  in  diamond  cleaving,  octahedrons 
quite  clear,  and  perhaps  more  than  one-half  the  weight  of  the  orig- 
inal cr3'stals,  would  remain. 

Among  the  white  crystals  is  a  suite  of  seven  octahedrons  all 
about  14  mm.  in  size.  This  lot  weighs  90§|  carats  ;  and  some  of 
them  are  almost  ideal  crystals  in  respect  to  form  and  polish  of  the 
faces.  A  few  show  slightly  the  development  of  hexoctahedron 
or  tctrahexahedron,  and  one  in  particular  has  an  unequal  develop- 
ment of  the  hexoctahedron  so  as  to  suscrest  a  reentrant  angrle. 
The  fine  polish  on  the  crystals  is  also  somewhat  enhanced  and 


Fig.  13.  Fig.  U. 

beautified  by  shallow  triangular  depressions.  Lot  No.  2  presents 
what  seems  to  be  a  rhombic  dodecahedron,  but  in  reality  is  an  octahe- 
dron with  triangular  octahedral  faces,  so  raised  by  nnequal  growth 
as  to  resemble  the  dodecahedron,  and  covered  with  deep  striations 
parallel  to  the  intersection  of  the  octahedral  and  dodecahedral  faces. 
This  crystal  is  white,  transparent,  weighs  llfj  carats  and  meas- 
ures 13  mm.  by  10  mm. 

To  appreciate  fully  the  beaut}'  of  a  natural  diamond  ciystal, 
one  must  examine  such  specimens  as  those  in  lot  No.  6,  contain- 
ing 15  crystals  from  3  mm.  to  5  mm.  across  and  lot  No.  7,  containing 
58  crystals,  weighing  in  the  aggregate  12|f  carats,  and  from  2  mm. 
to  3  mm.  across.  There  are  some  crystals  of  such  perfect  white- 
ness as  to  rival  those  from  Brazil,  and  are  the  highest  type  of  color 
from  the  Cape.  They  are  so  resplendent  that  they  refract  light 
almost  like  cut  diamonds.  Here  also  we  find  the  faces  of  the 
hexoctahedron  and  tetrahexahedron,  and  hexoctahedron  and  octa- 
hedron combined  (figs.  13-14). 
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face,  or  polished  cubic  cleavage  started  by  a  flaw  on  the  surface  of 
the  small  cr3^stal.  It  is,  however,  more  likelj'  a  cleavage  parallel 
with  the  large  crystal,  showing  that  both  crystals  intergrew. 

No.  61  contains  22  crystals  from  8  to  9  mm.  in  length,  weigh- 
ing from  ^  to  3  carats  each,  which  afford  various  examples  of  in- 
lergrowth  and  grouping,  in  a  few  cases  with  only  a  single  point  of 
contact.  Again,  octahedrons  are  piled  on  top  of  one  another  after 
the  manner  of  gold  crystals. 

No.  62  contains  4  crystals,  either  white  or.j'ellow,  that  illustrate 
very  aptly  the  form  described  by  J.  Hirschwald,  Ueber  Wachsthum 
und  Zwillungsbildung  amDiamant,  Zeitschrift  furKrj'stallographie 
Vol.  1,  plate  VIII,  Fig.  1,  1877. 

At  first  glance  these  groupings  would  appear  to  be  cubes.  The 
largest  is  7  mm.,  the  others  range  from  3.5  (yellow)  to  12.5  mm., 
and  are  a  combination  of  the  rounded  hexoctahedrons  with  the 
polished  octahedron. 

No.  64  consists  of  two  ver}'  interesting  bunches  of  hexoctahe- 
drons, forming  a  rosette  or  a  remarkably  perfect  six- 
pointed  star  (fig.  11),  12  mm.  across  and  9-  mm. 
thick.  The  color  of  this  larger  group  is  grayish  white, 
but  the  smaller  one  is  pure  white. 

No.  65^  displays  a  very  remarkable  grouping  of  crys- 
'^•^^*  tals,  measuring  19  mm.  by  15  mm.  by  5  mm.,  and 
weighing  lOJJ  carats.  This  group  is  made  up  of  at  least  twent}'- 
hexoctahedrons,  showing  the  simple  octahedral  faces.  The  ar- 
rangement is  apparently  confused,  3'et  the  markings  are  very 
symmetrical  on  the  whole  mass  proving  that  they  formed  in  the 
same  orientation  (fig.  12). 

Lot  15  includes  six  octahedral  crystals,  weighing  from  ^  to 
1  carat,  and  3  mm.  to  2  in  diameter,  that  deserve 
notice  from  their  rough,  granulated  appearance, 
as  if  hollows  had  been  eaten  in  them  by  acid,  and 
afterwards  filled  in  with  some  grayish  black  earth. 
These  cr3*stals  bear  a  strong  resemblance  to  the 
form  of  magnetite  that  occurs  in  chlorite,  especially  yiq.u. 

in  Harford  Co.,  Md.,  in  which  the  edges  of  the  cr3'stal3  are  very 
sharp  and  well  defined  though  the  faces  are  dull,  as  is  the  case 
with  these  crystals.  On  examination  with  the  glass,  however, 
it  is  readily  perceived  that  these  minute  hollows  in  the  rough  sur- 
face are  really  smooth,  and  bright  spots  are  visible,  revealing  an- 

» Von  Baamhauer  sur  la  crystallization  du  diaraaiit,  Plate  4,  flg.  1. 


GEOLOGY  AMD  GEOGRAPHY.  255 

inner  ci^stal  whicb  is  white  and  transparent.  The  onter  layer  is 
gray  and  mixed  with  impurities,  and  there  was  evidently  a  lack  of 
material  to  cover  the  faces  completely  over,  so  that  the  surface 
was  left  rough,  but  with  a  sharp  and  well  defined  crystalline  form. 

In  No.  14  there  are  two  octaliedrons  (6  mm,  to  7  mm.)  having  a 
very  opaque,  gray  crust,  yet  transparent  internally.  If  this  crust 
were  removed,  as  is  often  done  in  diamond  cleaving,  octahedrons 
quite  clear,  and  perhaps  more  than  one-half  the  weight  of  the  orig- 
inal crystals,  would  remain. 

Among  the  white  crystals  is  a  suite  of  seven  octahedrons  all 
about  14  mm.  in  size.  This  lot  weighs  90§^  carats  ;  and  some  of 
them  are  almost  ideal  cr3^stals  in  respect  to  form  and  polish  of  the 
faces.  A  few  show  slightly  the  development  of  hexoctahedron 
or  tetrahexaheclron,  and  one  in  particular  has  an  unequal  develop- 
ment of  the  hexoctahedron  so  as  to  suggest  a  reentrant  angle. 
The  fine  polish  on  the  crystals  is  also  somewhat  enhanced  and 


Fig.  13.  Fig.  11. 

beautified  by  shallow  triangular  depressions.  Lot  No.  2  presents 
what  seems  to  be  a  rhombic  dodecahedron, but  in  reality  is  an  octahe- 
dron with  triangular  octahedral  faces,  so  raised  by  unequal  growth 
as  to  resemble  the  dodecahedron,  and  covered  with  deep  striations 
parallel  to  the  intersection  of  the  octahedral  and  dodecahedral  faces. 
This  crystal  is  white,  transparent,  weighs  11§J  carats  and  meas- 
ures 13  mm.  by  10  mm. 

To  appreciate  fully  the  beaut}^  of  a  natural  diamond  crystal, 
one  must  examine  such  specimens  as  those  in  lot  No.  6,  contain- 
ing 15  cr^'stals  from  3  mm.  to  5  mm.  across  and  lot  No.  7,  containing 
58  crystals,  weighing  in  the  aggregate  r2^f  carats,  and  from  2  mm. 
to  3  mm.  across.  There  are  some  crystals  of  such  perfect  white- 
ness as  to  rival  those  from  Brazil,  and  are  the  highest  type  of  color 
from  the  Cape.  They  are  so  resplendent  that  they  refract  light 
almost  like  cut  diamonds.  Here  also  we  find  the  faces  of  the 
hexoctahedron  and  tetrahexahedron,  and  hexoctahedron  and  octa- 
hedron combined  (figs.  13-14). 
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Lot  23  contains  fonr  beautiful  exnmples  of  the  octahedron  de- 
scribed  by  Kose,  '^  Ueber  die  Diamanten,"  Abii.  der  Konig.  Aliad. 
d.  WiBsenscb.,  Berlin,  1876,  figure  34  ;  and  J.  Hii-achwald,  Ueber 
Waclisthum  und  Zwillungsbildung  am  Diamant.  Zeit.  Tur  Krystall. 
Vol.  I,  No.  2,  1877,  figures  4-9,  plate  8  (figs.  17-18).  Id  tbis 
case  the  octahedral  Taccs  have  been  built  out  by  unequal  grontU 
and  are  on  a  raised  elevation  above  the  hexoctahedron,  which  bas 
given  the  crystal  a  divided  appearance  or  caused  depressions  at  all 
of  the  cube  faces.    The  crystals  measure  10  mm.  8.5  mm.  and  2 


F:o.  IT. 
are  i  mm.  in  diameter,  and  look  like  the  grouping  of  several 
octahedrons.  One  elongated  hexoctahedron  in  lot  69  measui-es  9 
mm.,  4  mm.  1.2S  mm.  A  rose  coloi-ed  twinned  crystal,  and 
one-half  of  it  showing  a  curious,  step-like  structure  (flg.  19)  in 
lot  C7. 

Yellow  diamonds  are  looked  npon  with  disfavor  by  many  and 
rightly  so  when  we  consider  the  muddy  and  undecided  shades  that 
are  termed  yellow.    But  a  moment's  glance  at  the  series  of  yellow 


f 


crystals  in  this  collection  cannot  fail  to  lead  every  one  to  a  more 
just  appreciation  of  their  beauty,  and  even  to  give  them  the  prefer- 
ence over  the  other  colors. 

Starting  with  lot  No.  8,  we  have  5  octahedral  crystals  weighing 
3  carats  in  all  and  the  largest  crystal  measuring  6  mm.  They  are 
ideal  crystals  in  foi'm  and  have  only  a  slight  yellowish  tinge,  com* 
ing,  therefore,  under  the  class  called  second  white. 

I-ot  No.  72,  contains  two  Sne  canary  yellow  crystals,  one  elon- 
gated 13-10-5  mm.  and  the  other  rounded  10mm.  They  are  rounded 
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bexoctahedrons  with  a  square  depression  15  mm.  by  1  mm.  on 
one  cabe  face.  In  this  lot  as  in  the  preceding  the  natural  polish  of 
the  crystals  is  so  remarkable  that  they  might  be  worn  as  gems  in 
the  rough  state. 

The  color  of  the  110  pink  crystals  in  the  collection  varies  from 
a  very  pale,  transparent,  and  opalescent  pink  to  a  deep  pink  or 
even  dark  lilac  color.  They  weigh  from  y*g  to  1  carat,  and  the  faces 
generally  observed  were  the  octahedron,  the  dodecahedron,  the 
tetrahexahedron,  and  the  hexoctahedron.  Some  are  crystallized, 
as  spinel  twins.  Fink  diamonds  do  not  usually  crystallize  per- 
fectly, nor  are  they  transparent,  as  will  be  evident  from  an  exam- 
ination of  this  series. 

In  lot  No.  3,  there  is  a  fine  7-fj  carats  crystal,  measuring  23  mm. 
on  a  face  and  so  filled  with  impurities  as  to  give  it  a  deep  brown 
color.  It  is  interesting  from  the  triangular  depressions  on  its  sur- 
face, some  of  which  are  2  mm.  long  and  1  mm.  deep.  An  inter- 
esting crystal  in  lot  No.  9  weighing  11^  carats  and  14  mm.  in 
diameter,  has  on  its  octahedral  faces,  which  are  here  raised  plates 
almost  the  size  of  the  crystal  face,  and  on  the  edges  showing  the 
faces  of  the  hexoctahedron,  also  peculiar  triangular  depressions. 

Some  very  beautiful  brown  crystals  are  found  in  lot  No.  19,  one 
of  which,  of  a  rich  coffee  brown  shade,  measures  7  mm.  on  a  face 
and  is  transparent.  Several  others  in  this  series  are  of  the  same 
color,  and  some  are  spinel  twins.  Some  measure  only  1  mm.  on 
a  face,  but  nearly  all  are  of  gem  value. 

No.  78  is  a  large  cleavage  of  a  hexoctahedron,  measuring  13,  9 
and  5  mm.,  and  weighing  5^  carats.  In  point  of  color  it  is  one  of 
the  most  remarkable  stones  in  the  whole  collection — a  gem  as  it 
is — being  really  of  the  color  of  crude  petroleum,  deep  yellowish 
brown.  And  what  is  still  more  remarkable  the  stone  is  as  fluo- 
rescent as  that  substance.  A  gem  cut  from  this  stone  would  be 
very  beautiful.  On  one  of  its  angles  is  a  round  cavity  3  mm.  long, 
2  mm.  wide,  and  1.5  mm.  deep,  which  was  evidently  produced  by 
partial  inclusion  of  some  other  material.  A  beautiful,  pale  green, 
distorted  crystal,  transparent  and  flawless,  is  in  lot  No.  11.  Its 
edges  are  somewhat  rounded  ;  it  weighs  If  j-  carats,  and  measures 
4  mm.  to  8  mm.  in  respective  lengths.  The  finest  green  crystals 
are  in  lot  No.  75.  They  are  of  a  very  dark  copperas  shade  and 
measure  2  mm.  in  diameter.  Some  of  them  are  entirely  made  up 
of  trihedral  plates.     The  six  stones  weigh  §^  carats. 

A.  A.  A.  S.|  VOL.  XXXIV.  17 
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The  fancy  and  odd-colored  stones  are  in  lots  73, 74,  and  79.  In 
lot  73,  which  contains  eighteen  stones,  there  is  one  rounded  crys- 
tal measuring  18  mm.  by  9  mm.  which  is  transparent  and  of  a  faint 
absinthe  green  color.  In  lot  74,  which  includes  five  crystals  weigh- 
ing 331^7  carats,  there  is  a  distorted  octahedron,  15  mm.  by  17 
mm.  by  9  mm.  The  crystals  in  this  series  are  all  smoky  green 
in  color,  and  are  all  covered  with  raised  and  depressed  triangular 
markings ;  together  they  form  an  interesting  color-suite. 

The  cube  is  rej»resented  by  an  opaque  steel-gray  crystal,  4  mm. 
in  diameter,  resembling  the  '4iard  round  bort"  in  lustre.      In  lot 


Fio.  20.  Fig.  si.  Fio.  23. 

No.  5,  we  have  a  series  of  four  cubes  from  2  to  4  mm.  in  size  and 
weighing  11^^  carats.  They  are  of  a  deep  orange,  almost  chrome 
yellow.  Two  of  them  are  made  up  of  eight  cubes  and  united  in 
such  a  way  as  to  give  them  the  appearance  of  a  bale  of  cotton, 
(fig.  20),  and  the  others  show  the  faces  of  the  tetrahexahe- 
dron  well  developed,  the  cube  face  being  the  predominant  one 
however.  There  is  also  another  lot.  No.  76,  of  somewhat  similar 
color.  It  contains  16  stones  of  a  deep  lemon  yellow  instead  of 
orange,  varying  in  size  from  1  mm.  to  5  mm.,  and  weighing  8§f 
carats  together.  The  color  and  lustre  of  these  two  lots  are  almost 
resinous.  In  lot  No.  8,  there  is  a  group  of  cubes  with 
the  tetrahexahedron  (fig.  21),  the  color  of  which  is  an 
opaque  grayish  brown.  The  group  measures  7  by  15 
mm.,  one  crystal  being  7  mm.  square.  One  of  the 
gems  of  the  collection  is  the  spinel  twin  of  the  hexoc- 
tahedron  (fig.  22).  It  measures  16.75  m.,  18.5  m., 
18  m.,  and  is  6  mm.  thick.  It  has  depressed  faces 
Fio.  23.  on  both  sides  representing  the  octahedral  face  and  both 
these  are  beautifully  marked  with  the  triangular  markings  both 
raised  and  depressed. 

No.  55  is  a  twinned  hexoctahedron  in  which  the  one-half  crystal 
impenetrates  the  other.     It  weighs  2^  carats  (fig.  23).^ 

*  Figures  1, 2,  3,  i,  5,  6,  7,  8,  9,  10,  11,  12,  19,  22,  23,  are  all  natural  size  and  drawn 
Arom  the  diamonds. 
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VICE   PRESIDENT,   SECTION  F. 


EDUCATIONAL   MUSEUMS    OF   VEBTEBBATES^ 


Most  working  biologiflts  are  connected  with  educational  institu- 
tions and  are  directly  or  indirectly  interested  in  collections  ;  yet, 
in  vice-presidential  addresses  treating  of  Natural  History  collec- 
tions at  the  British  Association  in  1864  (Gray,)  and  1880, 
(Gijnther,  592)  little  attention  is  paid  to  educational  museums, 
and  I  am  not  aware  that  the  subject  has  ever  been  presented  in  this 
Association.^ 

Upon  the  present  occasion,  I  shall  not  attempt  to  cover  the 
whole  ground,  but  shall  rather  aim  to  discuss  certain  questions  re- 
lating to  educational  collections  which  do  not  appear  to  have  been 
fully  considered  heretofore,  and  which  have  presented  themselves 
to  me  during  the  past  year  while  engaged  in  a  preliminary  re- 
arrangement of  the  vertebrate  museum  of  Cornell  University.^ 

Some  of  my  remarks  may  apply  also  to  invertebrate  museums,  and 
indeed,  to  collections  of  all  objects,  artificial  as  well  as  natural ; 
but  they  refer  directly  to  a  single  branch,  partly  to  insure  brevity 

>  lo  view  of  the  various  usage  of  this  term  in  recent  writings  it  is  proper  to  state 
that  bjr  Vertebrates  are  herein  indicated  the  mammalB,  birds,  reptiles,  amphibia, 
"llshes"  and  Branchiostoma  (tlie  lancelet  or  amphioxus);  for  convenience,  also,  this 
assemblage  is  sometimes  spoken  of  as  a  "branch."  The  Tunicales  sliouid  bo  united 
with  the  Vertebrates  in  a  more  compreliensive  gronp  which  has  been  called  Chordaia 
by  Balfour  (1, 41 ;  II,  1.)  For  the  uoderstunding  of  the  present  address  it  is  not  neces- 
sary to  consider  these  matters  hirther.    The  references  are  to  a  list  at  the  end. 

'  Less  than  a  page  is  given  to  it  in  the  recently  uubllshed  article  by  the  late  Professor 
Jevons  (  76);  the  excellent  essay  by  Professor  M.  J.Roberts  refers  more  directly  to 
medical  museums. 

*  I  say  preliminary  because  of  the  present  limitation  of  space,  and  the  necessity  for 
accommodating  other  divisions  of  the  natural  history  collections  in  adjacent  or  even 
interpolated  cases.  Hence  the  fossil  representatives  of  the  various  groups  are  now 
commonly  omitted. 

(263) 
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and  directness,  and  partly  because  I  think  there  are  peculiar  rea- 
sons for  the  existence  everywhere  of  museums  consisting,  at  least 
in  part,  of  vertebrated  animals.  Although  I  have  not  seen  them 
distinctly  stated,  these  reasons  are  almost  self-evident,  and  are 
here  named  merely  to  show  that  the  limitation  of  my  subject  is  due 
to  something  more  than  a  personal  preference. 

With  few  exceptions,  animal  food  is  derived  from  vertebrates; 
most  of  our  personal  friends  and  foes  are  vertebrates,  and  all  do- 
mesticated animals  fall  within  the  same  gi'onp.     In  so  far  as  he  is 
a  member  of  the  animal  kingdom,   man  himself  is  a  vertebrate, 
and  all  other  members  of  the  branch  are  his  relatives,  zoological 
if  not  genealogical.     His   bodily  appetites   and   antipathies,  his 
pleasures  and  his  pains,  his  parts  and  their  operations,  his  begin- 
ning, course  and  end  are  comparable  with  theirs  in  a  degree  which 
impresses  one  the  more,  the  better  the  facts  are  understood.     The 
bulk  of  what  is  taught  as  human  physiology  is  really  vertebrate 
physiology  in  general,  with  inferences  more  or  less  well  established 
respecting  its  anthropic  modifications.     The  creations  of  mythol- 
ogy and  superstition  are  almost  invariably  vertebrate  in  their  gen- 
eral  aspect.     Finally,  religious  writings   abound   in   allusions   to 
alleged  denizens  of  another  world,  which  more  or  less  closely  re- 
semble living  forms,  excepting  where  wings   are  associated  with 
arms,  a  condition  of  things  not  yet  observed  within  the  verte- 
brate type.     In  short,  from  what  we  know  of  man's  present  con- 
stitution and  environment,  and  from  what  is  well  nigh  universally 
believed  as  to  his  future  form,  condition  and  associates,  it  seems 
to  follow  that  all  kinds  and  degrees  of  instruction  respecting  ani- 
mals, including  man,  whether  anatomical,  physiological,  histologi- 
cal, psychological,  pathological,  or  religious,^  should  be  based  upon 
some  knowledge  of  vertebrated  animals. 

Assuming  what  is  now  generally  conceded,  that  the  inspection 
of  objects  is  more  efficacious  than  other  modes  of  gaining  infor- 
mation ;  without  considering  here  the  extent  to  which  such  in- 
spection should  be  preceded,  followed  or  accompanied  by  lectures, 
recitations  or  the  manual  examinations  of  specimens ;  freely  ad- 
mitting, also,  the  equal  or  superior  advantages  of  minerals,  plants, 

*I  have  previously  expressed  (Wilder,  70,  p.  446)  the  belief  that  the  cause  of  religion 
would  gain  from  the  better  acquaintance  of  its  ministers  with  natural  objects  and 
processes.  It  is  encouraging  to  note  an  improvement  in  this  respect,  but  I  liave  yet  to 
hear  of  a  theological  school  which  prescribes  or  provides  practical  biological  work 
as  a  part  of  its  curriculum. 
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fossils,  shells  and  insects  in  respect  to  attractiveness,  accessibility, 
convenience  of  handling  and  preservation,  and  —  a  consideration 
of  no  small  importance — the  absence  or  less  amount  of  life-destruc- 
tion involved,  I  conclude  that  evei'y  educational  institution  of  what- 
ever grade  should  possess^  or  have  ready  access  to,  a  museum  of 
vei'tebrated  animals.^ 

From  many  vertebrate  museums  the  student  or  average  visitor 
is  apt  to  carry  awa}',  besides  the  sense  of  fatigue,  impressions 
which  are  inadequate  or  erroneous  or,  if  correct,  uncomplimentary ; 
among  others  the  following  : 

(a)  Too  many  specimens  are  exhibited,  and  too  little  can  be 
learned  from  them  ;  (b)  there  are  a  great  many  birds  and  most  of 
them  are  pretty  ;  (c)  there  are  not  so  many  reptiles  and  most  of 
them  are  ugly ;  (d)  skeletons  are  wonderful  structures  and  their 
preparation  must  have  required  much  time  and  skill ;  (e)  for  aught 
that  indicates  their  natural  attitudes,  their  mode  of  progression, 
their  means  of  attack  and  defence,  the  animals  might  be  artificial 
models  of  purely  imaginary  objects ;  (/)  vertebrates  are  appar- 
ently mere  "skin  and  bone,"  or,  if  any  soft  parts  are  shown,  they 
are  neither  comely  nor  instructive,  and  have  no  obvious  relation, 
to  the  animals  from  which  they  are  said  to  have  been  taken  ;  {g) 
the  problems  of  evolution  and  other  morphological  ideas  which  are 
presented  in  all  text-books  and  even  in  general  literature  are 
either  so  simple  as  to  require  no  visual  elucidation  at  all,  or  else  so 
complex  and  dubious  that  illustration  is  impossible. 

I  believe  that  the  museums  of  educational  institutions  would  be 
more  useful  to  students  and  the  public  if  the  following  methods 
were  adopted : 

(a)  The  exhibition  cases  should  contain  only  specimens  which 
can  interest  or  instruct  the  visitor,  and  all  material  for  research, 
exchange,  laboratory  work  and  practicums^  should  be  stored 
elsewhere. 

{b)  The  museum  should  not  only  exhibit  accurately  certain  im- 
portant or  interesting  facts^  which  may  be  done  by  even  isolated 
specimens  ;  it  should  also,  by  the  orderly  and  logical  collocation 
of  these  specimens,  illustrate  ideas^  especially  such  as  are  com- 

*This  belief  was  expressed  to  my  students  before  I  had  seen  Jevons'  almost  idenUcal 
remark  ((34,  76) :  **I  hope  the  time  is  not  far  distant  when  it  will  be  considered  essential 
for  every  school  to  contain  a  small  museum." 

>  A  practicum  here  signifies  an  exercise  upon  specimens  by  a  class  of  general  stu- 
dents and  is  limited  in  character  and  amount  as  compared  with  the  work  of  special 
8  tudents  in  a  laboratory. 
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monly    recognized    as    fandamentii    principles  and    generaliza- 
tions. * 

(o)  There  should  not  only  be  special  series  of  embryos,  brains, 
•hearts,  etc.,  but  such  preparations  should  be  associated  to  a  cer- 
tain extent  with  the  animals  to  which  they  belong  (^  for  example, 
dn  a  series  of  ruminants  there  should  be  two  or  three  inflated  stom- 
achs illustrating  the  various  modifications  of  the  organ  in  that 
.group  of  mammals. 

(d)  Preparations  exhibiting  important  features  should  retain  as 
much  as  .possible  of  the  entire  animal.  For  example,  among  the 
essential  anatomical  features  of  all  mammals  is  the  existence  of  a 
single  aortic  arch,  on  the  left  side  only,  whereas  in  all  birds  there 
is  a  right  arch  only  and  in  reptiles  a  right  and'  a  left.     Undoubt- 

-edly,  the  student  can  commit  these  statements  to  memory;  he 
would  probably  learn  them  more  readily  if  he  were  likewise  able 
to  see  three  preparations  of  the  heart  and  aorta ;  but  if  the  left 
aortic  arch  could  be  seen  in  a  familiar  mammal,  the  right  in  a  bird 

.and  the  two  arches  together  in  a  reptile,  there  would  be  facilitated 

not  merely  the  acquisition  of  the  facts,  but  likewise  the  association 
of  the  facts  with  the  groups  which  they  characterize. 

(e)  When  the  retention  of  the  entire  animal  is  inconvenient, 
unless  the  species  is  so  common  that  its  name  alone  is  enough,  a 
figure,  especially  a, photograph,  will  insure  the  desired  association  ; 
for  example,  in  a  series  of  the  skeletons  of  the  hands  and  feet, 
especially  if  physiological  relations  are  to  be  illustrated,  it  would 
rarely  be  convenient  to  place  the  entire  animals  in  close  proximitjs 
but  figures  of  them  would  recall  their  appearance  and  mode  of 
life  much  more  readily  and  vividly  than  their  mere  names. 

(/)  In  arranging  specimens  whose  relative  rank  is  well  deter- 
mined, the  higher  or  more  complex  should  be  placed  above  the 
lower  or  more  generalized.     In   arranging  series,   especially  of 

7  Nearly  twenty  years  ago  the  "  deficiencies  in  the  present  mode  of  arranging  pub- 
lic coUections'*«were  commented  upon  by  the  late  Professor  Agassis  (10):  **Tbe 
mere  accumulation  in  systematic  order  of  select  specimens  fi*om  given  classes,  fami- 
lies, genera,  etc.,  has  aller  ali  little  intellectual  vnlne  and  does  not  In  any  way  rep- 
resent the  progress  of  our  investigaUons.  Zoi^logy,  comparative  anatomy,  embryology 
and  paleontology  are  only  parts  of  one  great  system,  combining  under  different  heads 
our  knowledge  of  Uie  ai&nities,  the  structure,  the  mode  of  growtli  and  the  order  of 
succession  of  animals,  through  all  times  and  in  their  past  and  present  distribution  up- 
on the  surface  of  the  globe.  In  order  to  represent  these  different  aspects  of  tiie  subject 
in  their  connection  with  one  another,  it  is  necessary  to  combine  whole  specimens  of 
living  animals,  anatomical  preparations,  embryological  series  and  fossil  remains  in  the 
same  case  or  on  the  same  shelf,  in  such  intelligent  relation  that  they  shall  illustrate 
each  order,  instead  of  isolating  them  in  separate  museums  [or  separate  parts  of  tbe 
aame]  as  Is  usually  done." 
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embryos,  having  a  logical  sequence,  those  which  are  to  be  exam- 
ined first  should,  it  seems  to  me,  be  placed  at  the  left  so  that,  as 
on  a  printed  page,  the  e3*e  may  pass  from  left  to  right. 

(g)  Every  specimen  should  teach  something,  but,  as  a  rule,  one 
thing  only;  prominence  to  that  feature  being  insured  by  either 
the  mode  of  preparation  or  mounting  or  an*angement,  or  by  labels 
or  descriptions.     ^'  One  thing  at  a  time  and  that  done  well." 

{h)  As  a  corollary  to  the  foregoing,  it  follows  that  the  illustra- 
tion of  several  different  facts  or  ideas  in  different  parts  of  the  mu- 
seum may  necessitate  the  multiplication  of  the  same  form  to  an 
unexpected  degree.  For  example,  the  Australian  duck-bill  or 
^\sity\)us  {Omithoi'hynchus  paradoxus)  is  comparatively  rare  in 
museums,  3'et  nearly  a  dozen  might  find  appropriate  places  as  fol- 
lows :  1.  As  one  of  the  small  group  of  Monotremata  in  a  complete 
series  of  mammals ;  2.  As  a  sub-class  representative  in  the  class 
synopsis ;  3.  As  a  part  of  the  Australasian  fauna ;  4.  As  one  of 
the  aquatic  non-fishes ;  5.  As  a  burrower ;  6.  With  the  beaver 
and  perhaps  some  others,  with  spatula-like  tails ;  7.  As  an  ovipa- 
rous mammal  with  meroblastic  ova ;  8.  As  illustrating  ectal  differ- 
ences of  sex,  the  male  only  having  the  crural  spur  and  gland  ;  9-12. 
As  preparations  of  the  skeleton,  muscles,  brain,  heart  and  reproduc- 
tive organs.  In  addition  to  the  above  named  examples  of  adults, 
a  limit  can  hardly  be  set  to  the  desirable  fulness  of  a  series  of  em- 
bryos of  this  remarkable  form.  Again,  in  a  museum  of  only  moder- 
ate size  a  sea-snake  should  occur  in  at  least  six  places,  viz. :  1. 
In  the  class  synopsis  of  the  Reptilia ;  2.  Among  the  venomous  ver- 
tebrates ;  3.  Among  the  viviparous  ^immammalia ;  4.  Among  the 
aquatic  non-fishes ;  5.  In  a  series  of  tails;  6.  As  illustrating  one 
of  the  arguments  in  favor  of  the  existence  of  a  "sea-serpent."  In  a 
more  comprehensive  museum  a  sea-snake  might  be  introduced  in 
at  least  four  other  places,  viz. ;  7.  In  a  complete  series  of  all  rep- 
tiles, or  serpents  or  sea-snakes  ;  8.  As  a  member  of  a  local  fauna ; 
9.  Among  anatomical  preparations ;  10.  Among  embryological 
preparations.  Whether  tlie  six  specimens  first  mentioned  should 
be  of  one  species  or  of  several  different  species,  genera  or  families, 
is  a  point  worthy  of  consideration  which  cannot  be  discussed  here. 

(i)  With  museums,  as  with  other  things,  quality  is  more  impor- 
tant than  quantity,  and  as  a  rule,  "arrangement  is  more  needed 
than  acquisition."^  As  the  efficiency  of  a  regiment  is  determined, 
not  by  the  size  of  its  camp  or  the  crowding  of  its  tents,  but  by  the 

•Nftture,  May  7,  1885,  p.  12. 
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number  of  men,  healthy,  well-equipped  and  disciplined,  that  can 
be  mustered  for  action  at  a  moment's  notice,  so  the  usefulness  of 
a  museum  depends  far  less  upon  its  extent  than  upon  the  number 
of  well-prepared,  clearly-labelled  and  logically-arranged  specimens 
that  meet  the  eye  of  the  visitor. 

(j)  Accessions  to  a  museum  for  instruction  should  not  commonly 
occur  by  chance  but  be  regulated  by  the  will  of  the  curator  in  ac- 
cordance with  the  scope  and  means  of  the  institution.  Formerly, 
when  comparatively  few  species  were  known,  all  that  a  traveller 
could  obtain,  all  that  a  community  could  offer,  might  not  supply 
the  demand  for  instructive  and  curious  objects.  The  zealous  and 
devout  curator  might  fairly  regard  all  accessions  as  furnishing 
providential  means  of  greater  and  wider  usefulness  and  shrink 
— almost  as  from  impiety  ~from  any  loss  of  such  opportunities. 

But  the  conditions  are  certainly  changed,  and  few  museums  can 
ever  be  expected  to  contain  all  kinds  of  natural  objects.  And 
even  if  they  could,  why  should  the  chance  of  acquiring  a  specimen 
however  peculiar  and  unexpected,  be  viewed  with  any  special  con- 
sideration ?  In  other  affairs  an  opportunity  may  be  for  good  or  for 
ill ;  a  leading  or  a  misleading ;  it  may  be  an  occasion  to  be  embraced 
or  a  temptation  to  be  shunned.  We  decide  to  welcome  or  resist  ac- 
cording to  circumstances,  and  feel  assured,  notwithstanding  mis- 
takes, that  not  every  tide,  ''taken  at  the  flood,  leads  on  to  fortune." 
So  far  then  from  taking  all  that  is  offered  merely  because  it  is  easily 
or  cheaply  acquired,  the  curator  will  practise  a  true  economy  in  pay- 
ing liberally  for  what  he  does  want  rather  than  in  accepting  what  he 
does  not  want  as  a  gift.  In  some  contingencies  indeed,  to  modify 
slightly  the  epigram  of  Mr.  Higgins,  it  may  be  the  chief  duty  of  the 
curator  of  a  museum  to  keep  things  out  of  it.  As  the  wisest  physi- 
cians are  those  who  prescribe  the  least  physic,  so,  in  equal  contra- 
vention of  instinct,  popular  belief  and  etymology ,  the  best  museum 
curator  although  always,  at  least  indirectly,  a  collector  as  well, 
practises  the  habits  of  discrimination,  rejection  and  even  elimina- 
tion. 

This  brings  up  two  subjects,  the  principles  of  selection  and  the 
methods  of  elimination.  The  second,  being  simpler,  may  be  taken 
first. 

(k)  Superfluous  specimens  maybe  (1)  stored  in  small  space; 
(2)  converted  into  anatomical  preparations  to  illustrate  special 
points ;  (3)  issued  to  students ;  (4)  distributed  to  individuals  or 
institutions  elsewhere,  as  was  done  a  few  years  ago  by  the  Museum 
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of  Comparative  Zoology ;  (5)  destroyed,  preferably  by  fire.  Un- 
acceptable as  appears  this  last  resort  it  is  sometimes  the  only  way 
in  which  the  curator  can  escape  being  overwhelmed  with  care  and 
expense.  It  should  never  be  forgotten  that  museums  are  made  for 
man  and  not  man  for  museums. 

As  to  the  principles  of  selection,  some  are  of  general  applica- 
tion, while  others  depend  upon  the  scope  of  the  museum  and  the 
views  of  the  curator. 

(I)  The  usefulness  of  a  specimen  is  to  be  measured  not  by  its 
rarity  or  cost  but  by  the  degree  in  which  it  embodies  and  displays 
important  facts  or  ideas.  For  example,  of  the  three  living  Dip- 
noan  genera,  the  South  American  Lepidosiren  is  so  rare  as  to  be 
practically  unattainable  at  any  price,  and  Ceratodus^  though  com- 
mon in  certain  Australian  rivers,  costs  twenty  dollars  or  more  by 
the  time  it  reaches  us.  But  the  Egyptian  Protopterue  may  be  had 
for  five  to  ten  dollars,  and  though  smaller  and  less  striking  in 
appearance  answers  just  as  well  as  a  representative  of  an  inter- 
esting group. 

(m)  Many  specimens  should  be  not  merely  labelled  but  accom- 
panied by  figures  and  explanations.  Three  important  ends  are 
thereby  secured,  viz. : 

(1)  The  naturally  obvious  points  are  more  forcibly  or  com- 
pletely impressed  by  this  "triple  alliance  of  object,^  drawing  and 
description,"  appealing  respectively,  at  least  potentially,  to  the 
mind  through  the  three  channels  of  vision,  touch  and  hearing ;  (2) 
with  many  anatomical  preparations,  with  embryos  and  with  spec- 
imens which  are  either  very  small  or  delicate  or  which  have  become 
distorted  or  are  otherwise  imperfect,  even  the  most  essential  fea- 
tures may  be  inadequately  displayed ;  a  figure,  especially  if  ac- 
companied by  an  outline  diagram,  may  call  attention  promptly 
and  clearly  to  the  points  which  it  is  intended  to  illustrate ;  (3) 
when  specimens  have  been  figured  or  described,  the  association 
with  them  of  the  figures  and  descriptions,  or  at  least  of  references 
to  the  latter,  indicates  in  some  degree  the  kind  and  amount  of 
work  which  has  been  accomplished,  and  facilitates  the  verification 
of  observations  and  interpretations  of  structure. 

The  curator  of  the  (vertebrate)  museum  of  an  educational  insti- 
tution is  commonly  also  the  professor  of  physiology  and  zoology, 
and  the  collections  are  arranged,  according  to  his  general  bias,  so 
as  to  present  one  or  more  of  three  series,  more  or  less  complete : 

*  A  happy  phrase  used  by  M'Alpine. 
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the  physiological  or  teleological,  the  systematic  or  taxonomic,  and 
the  geographical. 

Without  denying  the  usefalness  of  such  series,  at  least  under 
certain  exceptional  conditions,  I  think  that  the  same  specimens, 
representing  an  equal  amount  of  money  or  time,  would  have  a 
higher  educational  value  if  divided  among  a  considerable  number 
of  special  series,  each  illustrating  some  morphological  or  teleolog- 
ical principle. 

Before  discussing  the  larger  subject,  the  character,  scope  and 
arrangement  of  natural  series,  let  me  mention  a  few  which,  in 
contradistinction,  ma}'  be  called  artijicial  series^  but  which  have  a 
real  and  even  considerable  importance. 

(a)  Animals  which  have  been  exterminated  by  man,  or  for  any 
cause  have  become  extinct  within  historic  time :  e.  ^.,  the  auk, 
rhytina,  dodo,  epiornis,  etc. 

(b)  Those  which  furnish  us  with  food,  medicines,  weapons, 
clothing  or  materials  for  habitation. 

(c)  Animals  named  in  Sbakspeare's  writings. 

(d)  Figures  of  mythical  and  fabulous  creatures  accompanied  by 
the  actual  forms  which  are  supposed  to  have  suggested  them,  or 
by  pictures  or  models  of  them.  Under  this  head,  for  the  present, 
at  least,  would  come  the  hitherto  untaken  ' 'sea-serpent." 

(e)  Animals  held  sacred  or  in  special  respect  in  any  part  of  the 
world,  as,  e.  g.,  the  ichneumon,  cat,  crocodile,  scarabseus,  stork,  etc. 

(/)  Forms  named,  or  supposed  to  be  alluded  to,  in  the  Scrip- 
tures. For  example,  it  is  probable  that  few  persons  have  any 
correct  idea  of  the  ''  coney  "  {Hyrax)  and  not  all  museums  pos- 
sess specimens  or  preparations  of  it. 

Coming  now  to  the  natural  series,  I  believe  that  the  foundation 
and  starting  point  of  a  vertebrate  museum  should  be  a  synopsis  of 
the  entire  branch.^^ 

This  branch-synopsis  should  embrace  two  sets  of  specimens : 

(a)  Entire  representatives  of  the  classes,  one  of  each. 

(&)  Preparations  exhibiting  the  persistence  of  the  vertebrate 
plan  or  idea  under  great  diversity  of  form,  habit  and  structural 
detail. 

The  vertebrate  synopsis  case  should  be  conspicuous,  well-lighted, 
and  ample,  but  not  larger  than  can  be  covered  by  the  eye  without 
changing  station.     The  specimens  should  be  of  moderate  size,  as 

^•Tbis  sabject  was  presented  to  the  American  Society  of  Naturalists  in  1883; 
(Wilder  55.) 
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perfect  as  possible,  fully-labelled  and  accompanied  with  figures  and 
explanations. 

From  the  foregoing  propositions  I  anticipate  no  dissent,  but 
upon  the  following  details  differences  of  opinion  are  inevitable. 

For  example,  scarcely  two  original  workers  in  vertebrate  com- 
parative anatomy  agree  raspecting  the  number  and  names  of  the 
primary  divisions  of  the  branch  which  should  be  included  in  the 
synopsis.  Probably  the  accompanying  list  represents  the  extreme 
of  length ;  the  other  extreme  would  be  in  Huxley's  ^^Mammalia, 
Sauropsida  and  Ichthyopsida."  The  groups  here  named  differ 
in  scope  and  may  not  be  coordinate,  but  are  commonly  admitted  to 
be  real  and  natural.^ ^ 

List  of  (provisional)  vertebrate  classes,  and  of  forms  represent- 
ing them,  as  they  may  be  arranged  in  the  Branch  Synopsis  Case. 


Birds. 


Pigeon. 


Mammalia. 


Opossam  (?). 


Bkptiua. 
Ltzard  (^S^^henodon). 


Amphibia. 
Salamander  (Amblystoma), 


Tklrostei. 


Trout. 


DiPNOA. 


Protopterus. 


Ganoids. 
Garpike  (^Lepidosteusy 


HOLOCEPHALA. 


Chimcera. 


Elasmobranchs. 
Cestracion  or  Acanthias, 


M  ARSIPOBRANC  HS. 

Petromyzon  (lamprey  eel). 


TUNICATES. 

specimens  and  models. 


LUPTOCARDIA. 

Branchiostoma  (with  model). 


'^Whatever  mny  be  decided  respecting  the  Ganoids  and  Holocephala,  to  regard  tiie 
DfpnoB  as  a  mere  order  of  Ganoids  seems  to  me  a  piece  of  '*  scientific  gaucherie."* 
comparable  only  with  the  union  of  Ganoids  and  Elasmobranchs  as  "  Pnlstchthyes.'* 
Pending  the  determination  of  the  relationship  of  the  Ttinicntes  to  the  vertebrates,  the 
former  should  be  included  in  this  case.  Colored  glass  models  of  SiUpa  may  be  bad  of 
Blascbka  in  Dresden. 
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In  the  relative  positions  of  the  classes,  beyond  placing  mam- 
mals and  birds  at  the  top  and  Leptocardia,  Marsipobranchs  and 
Elasmobranchs  at  the  bottom,  no  arrangement  can  be  regarded  as 
strictly  natural  or  likely  to  meet  the  approval  of  all.  The  groups 
might  be  arranged  in  three  vertical  rows  of  four  each,  but  the  se- 
quence in  either  of  the  rows  might  imply  some  incorrect  or  un- 
proven  relationship.  Hence  it  should  be  distinctly  stated  that 
the  case  is  not  intended  to  indicate  either  degrees  of  affinity  or  lines 
of  descent,  but  merely  to  represent  the  various  divisions  of  the 
branch  within  the  smallest  compass.^^ 

With  most  of  the  groups  there  is  room  for  considerable  differ- 
ence of  opinion  as  to  the  genus  and  species  of  the  representative. 
The  following  conditions  are  to  be  satisfied  as  far  as  possible :  gen- 
eralized rather  than  specialized  structure ;  moderate  size  and  cost ; 
familiarity ;  the  specimens  should  be  stuffed  rather  than  in  alcohol, 
and,  excepting  the  bird,  placed  horizontally. 

For  the  Teleosts  almost  any  abdominal  fish  would  answer.  The 
lizard  should  not  have  an  excessively  long  tail,  and  the  objec- 
tion to  Sphenodon  is  its  comparative  cost ;  most  of  the  ordinary 
salamanders  are  small,  and  unless  one  of  the  larger  Ambly stomas 
could  be  had,  the  Amphibia  could  be  represented  by  Cryptobran- 
chus  (Menopoma)  or  Megalobatrachus  or  even  Necturus. 

On  some  accounts  the  mammals  might  well  be  represented  by 
one  of  the  Insectivora,  but,  notwithstanding  the  generalized  char- 
acter of  that  group  as  a  whole,  all  of  the  living  forms  are  objec- 
tionably specialized  in  some  respect. 

From  R.  Weisker,  in  Leipzig,  may  be  had  an  admirable  wax, 
colored  .model  of  Branchiostoma,  61  cm.  long,  for  about  twenty* 
five  dollars  ;  also  a  series  of  embryonic  stages  and  transections. 

Accompanying  each  class  representative  should  be  prepai'ations 
exhibiting  the  essential  branch  character,  viz.  : 

(a)  A  transection  of  the  entire  body  at  or  near  the  heart. 

(b)  A  skeletal  segment  including  the  axon  or  skeletal  axis  and 
the  arches  inclosing  the  neural  and  haemal  canals  or  cavities. 

(c)  A  hemisection  of  the  skeleton  showing  the  variation  in  size 

i>  Believers  in  evolution  may  leffitiniAtely  indicate  their  Bnppositions  ae  to  the  prob- 
able  line  of  human  descent  by  phylums  or  phylogenetic  diagrams.  The  inevitably 
misleading  effect  of  representing  any  other  than  purely  dichotomous  branchings  upon 
a  plane  surface  may  be  avoided  by  employing,  in  place  of  names,  actual  representa- 
tives of  the  several  groups,  and  bringing  them  into  their  presumed,  genetic,  relative 
positions  by  supporting  them  not  upon  flxed  shelves  but  upon  movable  brackets. 
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of  the  neural  and  haemal  canals  in  the  different  regions  of  the 
bod}'. 

(d)  A  dissection,  for  the  most  part  a  hemisection,  of  the 
entire  body,  showing  the  neuron  (neural  axis),  the  unconvoluted 
portions  of  the  enteron  (alimentary  axis),  the  heart  and  aorta.^^ 

Each  preparation  should  be  made  clear  by  descriptions  and  by 
figures  on  which  the  chief  parts  are  distinctly  outlined  and  named. 
If  these  organs  are  colored,  their  relations  will  be  much  more 
easily  recognized. 

Should  the  preparations  just  named  be  made  from  examples  of 
the  same  genus  or  species  as  the  entire  class-representative,  or 
from  members  of  distinct  orders?  Something  may  be  said  on 
either  side.  When  a  certain  important  fact  or  idea  is  to  be  de- 
monstrated any  other  features  likely  to  distract  the  attention  are 
undesirable.  Hence  some  advantage  is  presented  by  the  unigen- 
cric  Leptocardia,  and  by  the  Dipnoa,  Holocephala  and  Marsipo- 
branchs,  where  the  choice  may  be  limited  naturally  or  by  the 
rarity  and  cost  of  certain  species.  On  the  other  hand,  it  is  to  be 
remembered  that  the  object  of  the  branch-synopsis  is  two-fold  : 
first  to  exemplify  a  certain  arrangement  of  organs ;  second,  to 
show  that  this  arrangement  prevails  throughout  a  large  number 
of  otherwise  dissimilar  forms.  There  is  to  be  set  forth  not  alone 
a  particular  type  of  structure,  and  not  alone  an  assemblage  of 
forms,  but  the  fact  that  these  apparently  heterogeneous  animals 
have  a  common  structural  pattern.  Not  unity  alone,  nor  variety 
alone,  but  unity  in  variety. 

From  this  more  comprehensive  point  of  view,  I  conclude  (a) 
that,  so  far  as  possible,  the  several  preparations  should  be  made 
fi'om  representatives  of  as  many  orders  of  the  class ;  (b)  that  in 
choosing  the   forms  the  conditions  already  enumerated   be  ob- 

"The  terms  axon^  neuron  and  enteron  were  employed  by  me  in  1881  {66,  Aug.  2, 
1884,  p.  113)  not  only  as  brief,  mononyraic  equivalents  for  polyonyms  or  longer  terms, 
but  also  because  they  designate,  respectiyely,  the  three  axes  in  their  entirety  and 
without  reference  t<»  histological  composition.  Enteron  designates  the  whole  of  the 
alimentary  cannl.  Neuron  includes  both  the  myel  (spinal  cord)  and  the  encephal  (brain) 
and  is  thus  the  equivalent  o{  myelencephal,  cerehroapinal  axis  and  central  nervous  system . 
Axon  means  tlie  skeletal  axis,  whether  it  be  a  membranous  tube,  a  cartilaginous  rod 
(notochord),  or  a  series  of  vertebral  centrums.  Of  the  commonly  employed  synonyms, 
spine  is  ambiguous,  and  vertebral  wlumn  incorrect  because  it  Includes  not  only  the 
centrums  but  accessoiT  parts.  Strictly  speaking  they  are  not  new  words  bat  the  nat- 
ural substantives  of  the  adjectives  ortal,  neural  and  enteric^  the  last  two  occurring  to- 
gether in  neurenteric.  The  reasons  for  preferring  myel  (adj.  myelie)  and  encephal  to 
myelon  and  encephalon  are  given  in  my  papers  {€3, 354;  €4, 12). 

▲.  A.  A.  S.,  VOL.  XXXIV.  18 
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Ben'ed ;  (c)  that  recognition  of  the  forms  be  facilitated  not  only 
by  figures  of  the  entire  animals,  but,  in  the  preparations  of  the 
soft  parts,  by  retaining  the  skin,  and  the  entire  cephalic  (anterior) 
region  of  the  body.  For  example,  with  the  reptiles,  if  the  class 
representative  were  Sphenodon,  the  skeletal  segment  might  be 
from  a  large  serpent,  the  hemisected  skeleton  from  a  small  alliga- 
tor, the  hemisection  of  the  entire  body  from  an  ordinary  lizard, 
and  the  transection  from  a  turtle,  the  head  and  cephalic  half  of 
the  body  serving  to  identify  it  in  addition  to  the  *'shell." 

Each  class  division  of  the  branch- synopsis  should  have  a  label 
bearing  not  only  the  preferred  name  of  the  class,  but  its  syno- 
nyms and  the  common  names  of  its  more  widely  known  members. 
For  example,  if  Amphibia  be  preferred  as  the  class  name,  Batra- 
chia  may  be  added  as  a  synonym,  and  the  constituency  of  the 
class  indicated  by  the  common  names  frogs^  toads ^  tree-toadSy  saU 
amandersy  newts,  ccecilians. 

It  would  be  well  to  state  the  number  of  known  species  in  each 
class,  living  and  extinct. 

Whether,  in  addition  to  the  structural  feature  illustrated  by  the 
preparations  mentioned,  there  should  be  models  or  figures  of  the 
developmental  features  of  vertebrates,  the  formation  of  the  neural 
laminse  and  canal,  and  whether  extinct  orders  should  be  merely 
named,  or  represented  by  figures,  models  or  specimens,  I  shall 
not  undertake  to  discuss  on  this  occasion. 

Theoretically,  each  class  should  be  more  fully  presented  in  a 
class-synopsis,  and  on  some  accounts  it  would  be  easier  to  com- 
mence with  one  of  the  lower  groups  embracing  a  small  number  of 
species.  But  the  considerations  upon  which  the  vertebrates  are 
selected  before  the  other  branches  apply  equally  to  the  primary 
illustration  of  the  mammalian  class,  notwithstanding  the  condi- 
tions are  much  more  complex  and  difl9cult  to  observe. 

As  at  least  an  approximation  to  what  is  desirable,  permit  me  to 
enumerate  the  specimens  now  constituting  the  mammalian  class- 
synopsis  at  Cornell  University. 

A.     Entire  examples  of  groups  (orders)  : 

Primates:  Monkey,  Cercopithecus.  Carnivora:  raccoon,  Pro- 
cyon;  seal,  Phoca.  Ungulata:  musk-deer,  Tragxdiis.  Sirenia: 
dugong  (foetus).  Cetacea:  porpoise  and  model  of  whale.  Cheir- 
optera: bat,  Pteropus.  Insectivora:  mole,  Talpa;  hedgehog,  Eri' 
naceus.  Rodentia:  squirrel, /Sctu7*u9.  Edentata:  sloth,  Bradypus; 
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armadillo.  Hyracoidea:  coney,  Hyrax,  Proboscidea:  a  small 
model  of  the  elephant.  Marsupialia:  opossum,  Z>icZe/p7i^s;  small 
kangaroo,  Hypsiprymnua,  Monotremata :  duck-bill,  Ornitkorhyn' 
chus;  echidna. 

The  above  named  mammalian  representatives  occupy  the  upper 
and  lower  portions  of  the  case.  Most  of  them  display  the  hair 
which  is  a  character  of  the  class.  The  shelves  more  nearly  opposite 
the  eye  bear  preparations  illustrating  structural  characters. 

B.     The  preparations  are  as  follows : 

1.  Monkey,  showing  the  mammary  glands.  2.  Kitten,  dissected 
to  show  the  single  aortic  arch  turning  toward  the  left.  3.  Skull  of 
a  porpoise  showing  the  two  occipital  condyles.  (The  fact  that  the 
basioccipital  enters  into  their  composition  is  to  be  more  fully  indi- 
cated upon  a  special  preparation.)  4.  Preparation  and  enlarged 
model  of  the  three  bones  in  the  middle  ear.  5.  Model  of  a  non- 
nucleated,  circular,  red  blood-corpuscle.  6.  Heart  of  a  dog  dis- 
tended with  alcohol  and  transected  to  show  the  two  auricles  and  two 
ventricles ;  model  of  the  heart  of  a  dugong.  7.  Kitten,  opened 
from  the  left  side  and  all  the  viscera  removed,  leaving  the  dia- 
phragm as  the  prominent  feature  of  the  preparation.  8.  Several 
brains  showing  the  callosum  or  great  cerebral  commissure.  9.  Parts 
of  skeletons  showing  the  presence  of  seven  cervical  vertebrae  irre- 
spective of  the  length  of  the  neck.  10.  Preparation  and  model  of 
the  lungs.  The  formation  of  the  allantois  and  several  other  fea- 
tures of  embryonic  development  or  adult  structure  might  be  illus- 
trated by  other  preparations,  but  the  foregoing  will  serve  the  pur- 
pose of  the  present  discussion. 

I  refrain  from  saying  that  these  preparations  illustrate  the  class 
characters,  purposely  and  for  three  reasons :  first,  some  matters  of 
fact  are  as  yet  undetermined  ;  second,  for  lack  of  material  or  time, 
certain  preparations  have  not  been  completed  ;  third,  I  am  in  doubt 
as  to  the  best  way  of  indicating  the  fact  that  what  are  commonly 
enumerated  as  class  character's  are  by  no  means  of  the  same  grade. 

For  example,  all  mammals  have  mammary  glands  (rudimentary 
in  the  male)  and  they  are  not  known  among  the  other  vertebrates. 
The  character  is  constant  and  peculiar. 

In  all  mammalia,  the  heart  has  four  cavities,  but  this  is  true 
likewise  in  all  existing  birds  and  in  the  crocodilians  among  rep- 
tiles. Hence  the  presence  of  a  quadrilocular  heart,  although  coU" 
slant  is  not  peculiar  to  the  mammals. 
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Again,  while  nearly  all  mammals  have  seven  vertebrae  between 
the  skull  and  the  thorax,  at  least  three  species  have  a  differen 
number,  and  the  same  number  occurs  with  a  few  other  vertebrates, 
Hence  this  character  is  usual,  but  neither  constant  nor  peculiar. 

There  is  no  sufficient  evidence  that  a  callosum  or  true  placenta 
occurs  outside  the  mammalia,  but  the  latter  is  certainly  not  devel- 
oped in  alF;  and  the  former,  notwithstanding  the  researches  of 
Flower,  has  not,  I  think,  been  satisfactorily  demonstrated  with  the 
monotremes  and  marsupials. 

Finally,  while  the  diaphragm  is  fully  developed  in  mammals 
alone,  it  exists  in  a  rudimentar}'  form  in  certain  reptiles  and  birds, 
and  any  generalization  on  the  subject  must  be  carefully  guarded. 

Without  entering  further  into  detail,  I  trust  enough  has  been 
said  to  show  that:  of  tlie  features  commonly  enumerated  as 
characterizing  the  mammalian  class,  some  are  constant  and  peculiar , 
others  are  constant  but  not  peculiar;  some  are  peculiar  hut  Tiot  con- 
stant, and  others  again  are  neither  constant  nor  peculiar. 

The  neglect  to  indicate  the  differences  above  mentioned  in  lec- 
tures, text-books  and  museums  gives  rise  to  inaccuracy  or  un- 
•certainty  in  the  minds  of  students.^"* 

In  addition  to  the  class-synopses  outlined  above,  any  or  all  of 
the  classes  may  be  displayed  more  extensively,  as  means  and  op- 
portunity permit,  by  representatives  of  each  family  or  even  genus 
and  species.  Since,  however,  few  museums  can  be  expected  to  con- 
tain every  species  of  vertebrate,  and  since  the  principles  of 
classification  and  of  geographical  and  individual  variation  can  be 
elucidated  upon  almost  any  considerable  assemblage  of  species, 
there  is  room  here  for  a  choice  among  orders  or  families  in  accord- 
ance with  the  special  preferences  of  the  professor  or  curator  in 
<jharge.  For  example,  I  desire  that  the  Museum  of  Cornell  Uni- 
versity should  contain  examples  of  ever}'  species  of  the  class 
Amphibia  and  of  the  family  Felidse. 

In  their  fullest  development  it  may  well  be  that  branch  and  class 
synopses,  such  as  are  outlined  above,  would  rarely  be  formed  ex- 
cepting in  the  museums  of  well-endowed  universities ;  but  they 
may  be  partially  established  in  even  a  primary  school,  and  a  real 
•demand  will  sooner  or  later  create  a  supply  of  anatomical  prepa- 
rators  who  can  make  the  needed  dissections. 

>«  Of  course  the  principles  here  oatlined  apply  to  all  characterizations  of  aU  kinds 
«f  oljjects,  natural  and  artificial. 
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As  to  the  cost,  the  smallest  school  collections  almost  invariably 
contain  useless  and  worse  than  useless  stuffed  birds  and  quadrupeds 
and  alcoholic  fishes,  the  cost  of  obtaining  and  preserving  which 
would  have  supplied  such  typical  forms  as  lamprey,  shark,  ray, 
garpike,  opossum  and  even  the  rarer  protopterus  and  branchiostoma. 

For  sound,  elementary  and  fundamental  instruction  in  vertebrate 
zoology,  a  dozen  such  examples  with  a  few  hearts  and  brains  and 
a  very  few  skeletons  would  outvalue  a  "  wilderness"  of  stuffed  birds 
and  a  forest  of  skeletons.  The  fact  that  these  latter  can  be  pur« 
chased  from  dealers  is  no  good  reason  why  money  should  be  paid 
or  storage  room  provided  for  them. 

I  pass  now  to  the  consideration  of  natural  series  which  are  not 
systematic  like  the  foregoing,  but  which  illustrate  morphological 
or  teleological  principles  and  may,  therefore,  find  places  in  mu- 
seums of  any  considerable  extent. 

Modern  science  properly  rejects  the  classification  of  vertebrates 
into  "  beasts  of  the  field,  birds  of  the  air  and  fish  of  the  sea ;"  yet 
these  groupings,  with  many  others  (as  of  climbers,  burrowers,  etc.), 
are  based  upon  actual  analogies  and  are,  therefore,  natural,  rather 
than  artificial,  and  hence  worthy  of  exemplification  by  special 
series. 

From  the  educational  side  there  is  another  reason  for  grouping 
together  forms  which  have  less  structural  affinity  than  external 
resemblance  or  analogy.  A  bat  may  be  mistaken  for  a  bird,  a 
salamander  for  a  lizard,  a  hedgehog  for  a  small  porcupine  and  a 
lamprey  for  an  eel,  so  long  as  they  are  in  separate  parts  of  the 
museum;  but,  as  twins  are  more  easily  distinguished  when  to- 
gether, so  the  essential  distinctions  of  analogous  forms  become 
apparent  and  impressive  when  simultaneously  presented.  For  ex- 
ample, rostrated  animals,  or  those  provided  with  a  rostrum  or  con- 
siderable prolongations  of  the  upper  jaw,  are  sometimes  mistaken 
for  each  other.  Of  the  saw-fishes  some  are  rays  (Pristis)  and  others 
sharks  (Pristophorus)  and  both  are  sometimes  confounded  with 
the  teleostean  sword-fish  {Xiphias)  whose  blade  has  no  teeth. 
In  the  same  series  would  fall  the  paddle-fish  (Polyodon)  and 
shovel-nosed  sturgeons  (Scaphyrhynchops) .  Another  special  series 
would  embrace  spinous  fo)*m>s;  globe-fishes ;  moloch  an(i  other 
lizards ;  the  echidna,  tanrec,  hedgehog  and  porcupine  among 
mammals.  Still  another  would  include  possessory  of  folds  of  the 
skin  serving  as  parachutes;  e,  g.y  flying  squirrel,  the  marsupial 
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petaiiri8t,lhe  galeopitbecus,  tbe  flying-dragon  and  the  Bornean  frog, 
Jihacophorus. 

Among  physiological  series  wliich  are  rarely  found  in  educa- 
tional museums  are  the  following : 

Hibernating  animals^  as,  e.g.,  raccoon,  marmot,  hedgehog,  etc. 

Animals  provided  with  sceni  glands;  e.g,^  musk-deer,  peccary, 
skunk  and  some  other  carnivora. 

Tliose  which  are  blind,  or  nearly  so ;  e.gr.,  hag-fish,  mole,  blind- 
fish  of  caves,  protcus,  etc. 

Possessors  of  prominent  tusks;  elephant,  deinotherium,  walrus, 
machairodus,  narwhal,  etc.  Accompanying  the  entire  animals  or 
their  skulls  should  be  preparations,  adequately  explained,  to  show 
that  the  tusks  of  the  walrus  are  canine  teeth,  those  of  the  ele- 
phant incisors,  and  that  the  narwhal's,  while  apparently  mesal 
or  azygos,  is  really  one  of  a  pair,  the  other  remaining  concealed 
within  the  jaw. 

Electric  animals :  Torpedo,  Oymnotus,  Malapterurus,  Luminous 
fishes :  Sc^pelus,  etc. 

Venomous  forms,  e.  g.,  the  rattlesnake  and  other  serpents ; 
the  only  known  venomous  teleosts,  the  half-dozen  species  of 
Thalassophryne  from  Central  and  South  America ;  the  two  species 
of  Heloderma,  the  only  venomous  lizards ;  with  these  should  be 
preparations  of  the  various  kinds  of  poison  apparatus ;  and,  in 
addition  to  ordinary  labels,  there  should  be  explicit  statements  as 
to  where  these  dangerous  creatures  live,  aud  brief  accounts  of 
precautions  and  antidotes. 

Time  will  not  permit  the  discussion  of  the  geographical  and 
geological  series  of  animals  alluded  to  by  Professor  Agassiz  in 
the  passage  already  quoted.  I  will  merely  express  my  hearty  ap- 
proval of  the  recommendation  which  has  been  made  by  several 
writers  on  museums,  that  there  should  always  be  a  special  collec- 
tion to  illustrate  the  local  fauna.  This  would  not,  as  a  rule, 
embrace  anatomical  preparations,  or  have  special  reference  to 
aflBnities  or  to  the  more  general  morphological  problems.  But  it 
should  fully  illustrate  the  appearance  of  each  species  b}'^  specimens 
of  both  sexes  and  at  all  marked  stages  of  development  and  growth  ; 
the  mode  of  life,  food,  enemies  and  useful  or  noxious  characters 
should  be  indicated,  with  any  information  likely  to  benefit  or  in- 
terest the  childreu,  farmers,  hunters,  and  fishermen  of  the  neighbor- 
hood.    A  local  collection  benefits  the  student  in  two  ways :    it 
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exemplifies  the  influence  of  environment  and  the  laws  of  geograph- 
ical distribution,  and  it  serves  as  a  pattern  for  him  to  follow  or 
improve  upon  in  the  future. 

In  a  general  museum  guide  or  in  the  descriptions  of  each  se- 
ries, attention  should  be  called  to  tlie  existing  deficiencies  of  the 
museum,  and  the  graduates  and  other  friends  of  the  institution 
should  be  reminded  of  the  opportunities,  often  peculiar,  which 
they  may  have  for  supplying  these  desiderata. 

Although  more  than  a  quarter  of  a  century  has  passed  since  the 
promulgation  of  the  modern,  scientific  doctrine  respecting  the 
method  of  creation,  although  opposition  to  the  general  idea  of 
organic  evolution  is  now  almost  confined  to  the  stubborn  and 
ill-informed,  and  althougii  its  substantial  truth  is  tacitly  admitted 
or  openly  claimed  in  nine  out  of  ten  of  the  higher  educational  in- 
stitutions of  this  country,  I  have  yet  to  hear  that  any  considerable 
part  of  a  college  museum  has  been  specifically  devoted  to  the  ex- 
hibition of  the  facts  which  are  'described  or  ficrured  in  zooloofieal 
text-books  and  works  upon  popular  science. 

Such  a  collection  should  embrace  much  more  than  a  few  ape 
skeletons  hung  beside  that  of  man.  To  avoid  the  appearance  of 
dogmatism,  let  me  briefly  mention  tiie  series  relating  to  evolution 
which  have  been  begun  at  Cornell  University : 

A.  Simple  ontogenetic  series,  exemplifying  the  extent  of  trans- 
formation of  certain  forms,  and  the  rapidity  of  their  occurrence  ; 
e.^.,  preparations  or  models  of  Branchiostoma,  frog,  chick  and 
human  embryos* 

B.  Comparative  ontogenetic  series,  illustrating  the  resemblance 
between  successive  stages  of  one  form  and  the  adult  conditions  of 
others ;  e.  ^.,  the  tail  of  the  gar-pike  (Lepidosteus)  which  suc- 
cessively resembles  those  of  Protopterus,  the  sturgeon  and  the 
Amia ;  the  branchial  apparatus  of  a  salamander  like  Amblystoma 
which  successively  resembles  the  permanent  conditions  in  Necturus 
and  Cryptobranchus. 

C.  Generalized,  synthetic  or  intermediate  forms  or  ^'connecting 
links  ;"e.  g.,  archaeopteryx  ;  toothed  birds ;  pterodactyls ;  ceratodus. 

D.  Presumably  degenerated  forms;  e.g,^  lamprey,  hag-flsh, 
sirenia. 

E.  Apparently  useless  or  atelic  organs  and  conditions;  e. ^., 
the  nipples  of  male  mammals ;  the  csecal  appendix  of  the  human 
intestine. 
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F.  Examples  of  apparently  needless  rules  and  exceptions 
thereto ;  e.g.^  the  adherence  to  the  number  seven  with  the  cervical 
vertebrse  of  mammals,  excepting  in  three  species ;  the  persistence 
of  the  circular  form  of  the  mammalian  red-blood  corpuscles  ex- 
cepting in  the  Camelidse. 

6.  Human  peculiarities,  not  only  as  to  the  skeleton  but  also 
the  brain,  heart  and  other  parts. 

H.  Human  resemblances  to  mammals  in  general. 

I.  Features  which  unite  man  with  the  tailless  apes  and  separate 
them  from  other  mammals. 

J.  Transitory  human  organs  and  conditions  which  resemble 
the  permanent  organs  and  conditions  of  other  mammals,  especially 
apes  ;  e.  ^.,  the  earlier  condition  of  the  brain  ;  the  presence  of  a 
tail ;  the  pharyngeal  clefts ;  the  general  form  of  the  body  and 
limbs. 

K.  Human  anomalies  resembling  the  normal  structures  of  apes. 

L.  Anomalies  and  malformations  affecting  man  and  other  verte- 
brates in  a  similar  manner. 

M.  Evidences  of  accident  and  disease  among  wild  animals. 

While  most  of  series  just  named  would  favor  evolution,  one  em- 
bracing absolute  peculiarities  of  the  human  body  looks  the  other 
way,  and  the  candid  teacher  or  curator  would  certainly  not  refrain 
from  placing  the  so-called  *^  Difficulties  of  Darwinism  "  in  visible 
form  before  his  students  and  visitors. 

A  statue  of  Darwin  has  recently  been  dedicated  in  London  with 
honorable  ceremonies.  What  monument  to  his  memory  could  be 
more  lasting  or  appropriate  than  tlie  formation,  in  all  educational 
institutions,  of  collections  especially  designed  to  present  the  facts 
which  he  made  significant,  and  the  ideas  which  his  knowledge,  his 
industry'  and  his  honesty  have  caused  to  underlie  the  intelligent 
study  of  nature  throughout  the  world  I 
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An  observation  on  the  hybridization  and  cross-breeding  of 
PLANTS.  By  E.  Lewis  Sturtevant,  M.  D.,  Director  of  the 
State  Agricultural  Experimental  Station,  Geneva,  N.  Y. 

Georg  von  Martens,  in  his  Gartenbohnen,  Ravensburg,  1869,  p. 
35,  under  Pliaseolus  Pardus  virescens,  the  graugrune  pantherbohne, 
says :  ^^  I  was  very  much  surprised  to  obtain  not  less  than  eight 
varieties  of  beans,  die  incarnatbohne,  die  dottergelbebohne,  die 
weissebohne,  die  amethystfarbige  zebrabohne,  die  graugrune 
pantherbohne,  die  helle  pantherbohne,  gelbgefleckte  pantherbohne, 
and  the  princess! nbohne.  With  more  thorough  investigation  I  de- 
cided that  the  zebrabohne  was  most  likely  a  neighbor  which  had 
overrun  the  bed,  but  all  the  others  came  from  the  bed,  and  some, 
the  incarnatbohne  and  the  weissebohne  had  not  been  planted  in  the 
whole  garden."  Martens  might  have  expressed  surprise  that  these 
variations  from  the  seed  of  the  graugrune  pantherbohne  were  all 
towards  named  varieties  rather  than  sports  or  intermediates,  but 
this  fact,  which  frequently  appears  noted  in  his  book,  does  not  re- 
ceive attention  as  being  of  any  importance. 

At  the  New  York  Agricultural  Experiment  Station,  in  1882,  a 
few  oblong  beans,  slightly  flattened  sidewise  and  mottled  in  two 
shades  of  brown,  were  selected  from  the  yield  of  the  golden  cran- 
berry. This  selection,  planted  by  itself  in  1883,  gave  eleven  dis- 
tinct forms,  many  of  which  can  be  referred  to  named  varieties,  and 
possibly  with  a  greater  acquaintance  with  varieties  all  might  be  so 
referred ;  an  illustration  confirmatory  of  the  results  above  noted 
by  Martens,  and  strengthened  by  a  list  of  similar  occurrences  with 
other  varieties  in  1883  numbering  a  full  score. 

This  fact  of  named  varieties  being  produced  from  seed  of  other 
varieties  is  not  confined  to  the  bean  family  alone.  The  following 
list  includes  similar  occurrences  noted  at  the  New  York  Agricultural 
Experiment  Station  during  the  last  three  years : 

Maize, — Seed  of  one  kind  sown  often  produces  samples  of  other 
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kinds  of  corn  in  the  crop,  and  tliese  variations  can  usually  be  dis- 
tinctly referred  by  name  to  varieties  with  which  the  original  seed 
might  have  been  crossed.  Purposely  hybridized  seed  has  produced 
the  original  parentage  without  intermediate  types,  and  seed  exposed 
to  hybridization  during  two  years  with  many  sorts  of  corn,  has 
yielded  ears  of  the  types  of  corn  with  which  cross-breeding  or 
hybridization  has  been  effected,  without  appearance  of  intermediate 
forms. 

Barley, — April,  1884,  one  head  of  cross-bred  awnless  barley  was 
received  from  Mr.  Horsford,  a  seed-grower  in  Vermont.  The  yield 
of  the  twenty-six  seed  was  four  distinct  sorts  of  barley ;  one 
beardless  black,  one  beardless  white,  one  bearded  black  and  one 
bearded  white.  One  peculiarity  was,  that  the  beardless  forms 
could  be  referred  to  Hordeum  trifarcatum.  There  were  no  inter- 
mediates in  this  crop. 

Peppers. — In  1882  eleven  varieties  of  peppers  were  grown  ;  in 
1883,  nineteen  varieties.  The  pepper  plant  is  extremely  variable. 
The  fruit  on  different  plants  of  the  same  variety  often  varies  much 
in  shape ;  on  some  the  fruit  is  borne  erect,  on  others  pendent ; 
certain  plants  of  a  variety  often  mature  their  fruit  much  earlier 
than  do  others.  These  facts,  as  well  as  direct  observation,  certify 
to  the  ready  cross-fertilization,  between  varieties.  Yet,  despite  this 
apparent,  cross-fertilization,  varieties  by  selection  are  kept  true  to 
name,  and  almost  all  or  perhaps  all  of  the  various  '*  sporting  "  forms 
noted  by  us  are  found  illustrated  in  Hortus  Eystettensis,  1613,  a  fact 
which  brings  the  pepper  in  line  with  our  other  illustrations. 

Tomato.^ — In  1882  the  French  upright  tomato  was  crossed  with 
pollen  from  the  alpha  and  Livingston's  favorite.  The  produce 
from  the  cross-breds  was  one  plant  of  the  French  upright,  a  hun- 
dred or  more  of  the  common  form,  and  no  intermediates.  The 
fruit  was  all  clustered,  however,  and  of  one  type  of  bearing.     The 


'Some  additional  obseiTationa  of  a  later  date  than  those  given  in  this  paper  ara  as 
follows : 

Jff/on.—The  Christiana  melon  seed  used  in  1885  was  from  two  sonrces.  The  one 
seed  pure  and  tlte  crop  all  on  type;  the  otlier  seed  station -gro>Yn  in  1883  and  subjected 
to  a  possible  cross-fcrtilization  with  other  ynrieties;  the  produce  from  this  seed  gave 
this  year  fruit  mostly  of  pure  Chiistiaua  type,  but  some  plants  yielded  ft'uit  of  the 
early  white  Japan,  long  Persian  and  Hackensnck  types,  and  no  intermediates.  Tliese 
off-varieties  were  among  the  melon  varieties  of  1883,  and  by  which  there  was  a  possi- 
bility of  the  Christiana  being  crossed  through  Insect  agency. 

Tomalo.—lvk  1883  the  French  upright  tomato  was  crossed  by  the  Livingston's  favor- 
ite, and  the  crossed  seed  has  been  attempted  to  be  grown  in  purity  up  to  date. 
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types  of  the  tomato  fruit  have  not  as  yet  been  sufficientl}'  studied 
by  us  to  allow  of  a  judgment  upon  variability  in  this  respect. 

Squash. — In  1883  the  perfect  gem  and  vegetable  marrow  squashes 
were  crossed  in  both  directions.  The  seed  planted  in  1884  gave 
good  t^'pes  of  the  cocoanut,  green-striped  bergen  and  the  courge 
d'llalie  varieties.  In  1883,  the  year  the  seed  was  saved,  we  had 
no  plants  of  these  varieties  upon  the  station  grounds.  There  were 
also  some  unknown  forms,  but  none  that  could  be  called  strictly 
intermediate  between  the  varieties,  and  some  which  represented 
each  parentage. 

Lettuce, — In  1883  the  green  fringed  and  the  deer  tongue  lettuce 
was  crossed.  In  1884  tlie  crop  yielded  forms  which  could  be  re- 
ferred to  the  Batavian,  Silesian  and  Malta  drumhead  varieties, 
and  there  were  no  intermediates  between  the  parents.  In  this  case 
we  had  the  parents  of  two  very  distinct  types,  there  being  scarcely 
a  point  of  resemblance  in  general  appearance. 

Pea. — In  1883  we  had  crosses  between  the  sugar  pea  and  the 
common  pea.  The  1884  crop  from  the  crossed  seed  had  the  seed 
all  of  the  sugar  pea  type,  the  pods  all  of  the  common  type.  The 
wrinkled  pea  crossed  with  the  smooth  pea  gave  wrinkled  and 
smooth  peas  in  the  same  pod,  but  no  merging  of  the  two  forms. 

This  year  is  hence  the  second  generation  from  the  cross.  The  number  of  plants 
under  observation  have  been  numerous,  occupying  three*twentieths  of  an  acre.  The 
types  of  the  plants  are  French  upright  and  the  common,  without  intermediate  foi*ms. 
Tlie  types  oi  the  fruit  are  French  upright,  Livingston's  favorite,  common  red  and  great 
Chihuahua,  and  no  intermediates  that  can  be  recognized.  The  last-named  is  precisely 
on  type  both  in  plant  and  fruit,  but  few  plants  as  compared  with  the  others. 

French  upright  crossed  by  acme.  First  generation.  The  types  of  plant  either 
French  upright  or  acme.  The  fruit  acme,  French  upright  and  common  red,  and  no 
intermediates. 

French  upright  crossed  by  alpha.  Second  generation.  The  type  of  plant  both 
kinds.  The  French  upright  type  of  plants  have  all  French  upright  type  of  Jruit.  The 
common  type  of  plants  bear  fruit  of  tlie  flg,  pear,  plum,  alpha,  common  red,  French 
uprijtht  and  great  Chihuahua  type,  and  no  intermediated  that  can  be  recognized. 

Currant  crossed  by  Livingston's  favorite.  First  generation.  The  types  of  plant, 
mostly  the  currant,  but  some  few  plants  of  the  common  form,  but  slightly  more  up- 
right. The  fruit  is  racemed  like  the  currant,  but  of  far  larger  size,  about  1|  inch  in 
diameter.  Although  I  have  never  seen  fruit  of  this  character  before,  yet  the  plant  and 
the  fruit  correspond  very  closely  with  the  description  of  the  Solanum  racemosum, 
Cerasorum  forma  of  Bauhin's  Prodromus,  ed.  of  1671,  p.  90;  and  we  may  legitimately 
suspect  atavism  lias  reproduced  this  apparently  lost  variety. 

Turk  cap  crossed  by  several  large  varieties  in  1882,  such  as  acme,  trophy,  may- 
flower  and  paragon.  The  first  generation  was  grown  in  the  greenhouse,  and  hence  the 
crop  of  1885  is  the  fourth  generation,  the  selections  having  been  made  each  year  for 
B3undness  and  smoothness  of  fruit.  The  foliage  of  the  1885  plants  somewhat  variable 
but  of  the  common  type.  The  fruit  can  be  referred  to  the  apple,  acme  and  common 
red.  One  plat  from  the  earliest  seed  of  this  class  has  given  constant  foliage,  and  the 
fruit  small,  of  the  plum  variety  type,  and  of  constant  form. 
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These  facts  of  careful  observation  and  record  are  only  explain- 
able by  the  hypothesis  that  in  certain  kinds  of  cross-fertilizations 
and  hybridizations  the  tendency  of  the  crossed  seed  is  to  repro- 
duce ancestral  forms  rather  than  intermediate  forms.  That  there 
can  be  a  blending  of  characters  in  certain  cases  is  well  known  or 
certainly  well  asserted  ;  but  in  the  experience  gained  at  the  New 
York  Agricultural  Experiment  Station,  "sports'*  or  blendings  are 
rare  in  exact  accordance  with  our  familiarity  with  varieties.  Thus 
in  the  case  of  the  maize,  at  first  we  had  many  cases  noted  in  our 
collection  as  variables ;  with  the  increase  of  varieties  grown,  and 
with  increased  specimens  in  our  museum  collection,  these  variables, 
almost  without  exception,  could  be  referred  to  types  or  varieties, 
and  the  few  exceptions  to  this  statement  occur  in  the  little-studied 
class  of  pod  or  husk  corns.  Two  illustrations  will  suffice  :  in  New 
Jersey  an  excellent  farmer  there  noticed  a  few  pod  ears  in  his  crop 
of  Blount's  prolific  dent  and  forwarded  samples  to  the  station  as 
novelties.  The  seed  from  these  pod  ears  reproduced  with  us 
Blount's  prolific  of  perfect  type  and  pod  corn  of  the  same  type  of 
ear  which  furnished  the  seed,  and  no  variables  from  the  two  types 
noted.  From  the  crossing  of  pod  corn  with  sweet  corn  a  new 
variety  of  sweet  corn  was  produced,  of  a  distinct  type  and  es- 
teemed by  us  a  novelty  in  every  respect,  the  cob  being  fusiform, 
the  kernels  horse  tooth  and  much  wrinkled,  the  stalk  very  small. 
At  a  later  date  this  tj-pe  appeared  in  our  collections  as  the  banana 
sugar,  and  was  proven  not  to  be  original  with  us. 

Darwin,  in  his  Animals  and  Plants  under  Domestication,  the 
New  York  edition  of  1868,  vol.  ir,  p.  54,  has  a  section  entitled, 
"  Crossing  as  a  direct  cause  of  Reversion,"  and  says:  '*  But  that 
the  act  of  crossing  in  itself  gives  an  impulse  toward  reversion,  as 
shown  by  the  reappearance  of  long-lost  characters,  has  never,  I 
believe,  been  hitherto  proved."  His  line  of  evidence,  however,  is 
different  from  that  here  presented,  and  embraces  a  different  series 
of  observations. 

The  lack  of  agricultural  museums  in  which  domesticated  varie- 
ties of  plants  find  representation,  the  general  ignorance  of  the 
varieties  which  were  grown  by  our  predecessors,  and  the  in  general ' 
careless  descriptions  which  occur  in  the  writings  on  agricultiire, 
render  a  stud}*  of  this  sort  embarrassing  and  difficult.  A  careful 
study,  however,  of  the  figures  given  by  the  botanists  of  the  six- 
teenth century  and  thereafter,  and  a  careful  collation  of  evidence 
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gleaned  from  more  recent  autliors  on  gardening,  together  with  the 
fact  that  the  appearance  of  new  form-species  of  cultivated  vege- 
tables seems  to  date  from  the  introduction  of  forms  of  the  same 
species  from  distant  regions,  and  the  rarity  of  appearance  of  novel- 
ties which  cannot  be  identified  with  some  previously  described 
type,2  all  encourage  to  tlie  belief  in  the  correctness  of  the  general- 
ization that  in  our  domesticated  vegetable  plants  cross-fertilization 
shows  its  effect  at  once  in  the  reproduction  of  the  form-species  and 
varieties  which  are  involved  in  the  parentage  of  the  crossed  seed, 
and  that  when  ''  pure  seed''  is  crossed,  intermediate  forms  rarely 
occur,  but  the  original  parents  in  variable  proportions. 


Geruimatiom  studies.     By  Dr.  E.  Lewis  Stdrtevant,  Director 
Agricultural  Experiment  Station,  Geneva,  N.  Y. 

In  1879, 1  collected  the  seed  from  about  1200  Christiana  melons, 
carefully  selected  for  uniformity  and  quality.  This  seed  was 
washed  and  carefullv  winnowed,  dried,  and  then  stored  in  bulk. 
In  Sept.,  1883,  when  four  3'ears  of  age,  twenty -three  duplicate 
germinations  were  made,  fifty  seed  in  a  pocket,  the  conditions  as 
nearly  absolutely  identical  as  could  be  secured,  as  the  seed  occupied 
the  same  apparatus,  and  was  exposed  to  the  same  moisture  and 
the  same  temperature.  The  first  germination  in  all  cases  occurred 
on  the  second  day,  half  of  the  seed  in  twenty-two  of  the  twent}'- 
three  trials  had  germinated  on  the  third  day,  and  the  last  seed  had 
germinated  in  from  four  to  eight  days.  The  average  germination 
was  78  per  cent,  the  extremes  of  the  various  samples  66  and  86 
per  cent. 

A  trial,  in  June,  1883,  of  Danvcrs  yellow  onion  seed,  said  to  have 
been  grown  in  1882,  was  in  a  series  of  fifty-one  duplicates,  fifty 
seed  in  a  trial.  The  average  germination  was  89  per  cent,  the 
extremes  of  the  samples  74  and  98  per  cent. 

The  variation  in  these  trials,  calculated  on  the  number  of  seeds 
used,  was : — 

For  Instance,  the  deer  tongue  lettuce,  with  lanceolntc  leave?,  which  appeared 
about  1883,  is  almobt  identical  with  the  Lactuca  t'olio  oblonffo  aculo  figured  in  Bauhin's 
Prodromua,  edition  of  1761«  p.  60. 
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No.  of 
seed  used. 
60 
100 
200 
300 
400 
500 
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Variation  between  samples.         Per  cent. 
Christiana,  melon.  Danvers  3'ellow  onion. 


20 
20 
6 
5 
2 
6 


24 
15 
6 
4 
3 
2 


We  have  lience,  an  excellent  illustration  of  the  importance  of 
number  of  seeds,  if  we  would  correctly  interpret  the  comparative 
value  of  percentage  figures  gained  in  germination  trials,  and  as  a 
corollary  suggestion,  the  uselessnessof  ordinary  comparative  trials 
between  samples  of  a  few  seed  each,  as  the  variation  between 
duplicates  may  be  greater  than  would  be  found  between  diflfei*ent 

samples. 

A  further  illustration  of  the  difference  which  may  occur  between 
duplicates  is  offered  in  the  following  table,  in  which  "exact  dup- 
licates" mean  seed  in  adjoining  recesses  of  the  same  apparatus, 
exposed  to  the  same  moisture  and  the  same  temperature ;  "  dupli- 
cates" mean  that  the  germination  trials  were  made  at  different 
dates,  but  the  conditions  at  the  time  as  *'  near  enough"  duplicate. 
The  seed,  onion-seed  of  various  kinds^and  ages,  100  seed  used  in 
eacb  trial,  from  seedsmen's  packages. 


X 


White  Portugal 
While  Globe 

Lnrge  Red  Globe 


i< 


41 


Large  Red 
I.       " 


i( 


II 


(I       II 
Yellow  Danvers 


Vonr  of 
gruwtli. 


ii 


Tellow  Globe  Danvers 


ki 


ti 


Giant  Rocco 

Globe  Madeira 
It  ti 

Golden  Queen 

Flat  Madeira 
«•  •• 

Brown  Tencriffe 
%i  i< 

White  Silver  Skin 


tt 
II 
11 
11 
i« 

1883 

it 

1882 
Ik 

1883 
188-i 
18*1 
l»8-2 
1881 
l88:i 
1881 
1883 

1881 
1883 
18»<2 
1880 


Pkk  CKXT 
GERMINATED. 

Dec.  n,  '84.  Dec.  20,  »84. 
Exact  dnp.  Exact  dtip. 


Duplicates. 

Average    Average 

for  Dec.  6,    for  Dec.  20, 

trial.  trial. 


.SO 

14 

39 

13 

34 

28 

38 

0 

8 

» 

42 

21 

18 

2ft 

1 

8 

3 

27 

17 

6 

0 

8 

U 


83 

19 

39 

16 

40 

Sri 

40 

8 

11 

12 

4-2 

2:{ 

19 

33 

1 

9 

6 

31 

17 

7 

8 

9 

1 


35 
7 
60 
15 
41 

3:) 
87 
35 
43 

«1 
49 
(12 
67 

7 
44 
32 
(iO 
45 
17 

1 
3:{ 

0 


52 

31 

15 

16 

51 

89 

15 

14 

42 

37 

34 

80 

90 

89 

40 

4 

45 

9 

57 

10 

64 

42 

58 

22 

65) 

18 

r8 

29 

16 

1 

58 

8 

»< 

4 

65 

89 

51 

17 

22 

6 

4 

4 

85 

6 

0 

1 

43 
11 
50 
15 
4L 
33 
88 
87 
44 
54 
(ii 
51 
65 
67 
11 
51 
32 
62 
48 
19 

t 
84 

0 


BIOLOGT. 


289 


The  average  of  the  twenty-three  trials  is  16.7  and  19.8  per 
cent  on  Dec.  6,  or  a  variation  of  3  per  cent ;  38.0  and  42.6  per 
cent  on  Dec.  20,  or  a  variation  of  4  per  cent :  and  these  under 
exact  conditions.  Between  the  two  trials,  tlie  duplication  being 
less  exact,  the  seeds  from  the  same  pockets  germinated  in  the  trial 
of  Dec.  6,  an  average  of  18  per  cent ;  in  the  trial  of  Dec.  20,  the 
average  germination  was  40  per  cent.  We  have  here  a  difference 
of  22  per  cent  to  be  ascribed  to  the  influence  of  conditions  too 
slight  for  ready  recognition,  but  probably  a  varying  temperature 
which  averaged  very  nearly  alike  in  the  two  trials. 

Our  next  illustration  embraces  three  distinct  trials,  in  which  the 
temperature  was  designed  to  be  uniform,  but  as  a  matter  of  fact 
the  extremes  were  as  noted,  as  also  the  number  of  hours.  The 
experiments  were  continued  until  the  100  seed  had  either  all  ger- 
minated or  rotted,  the  temperatures  giving  the  maxima  and  minima 
during  the  trial. 


Per  cent  germinated. 

400  hours.    :iOG  honrR.    42*<  hours. 
41.6'.43.7*      40.8'.44.«'     41'-4.').3. 


Temp, 
of  office. 

Exact  dup. 


CABRAGR. 

Hendei'son'd  Sel.  Jersey  Wnkeflold 

100 

08 

09 

HenderHon's  Eurly  Summer 

<J6 

luo 

100 

KOHI^RAUI. 

While  Vienna 

72 

66 

71 

KALE. 

Siberian 

82 

98 

98 

LETTUCE. 

Salani.indei' 

87 

91 

89 

ONION. 

Red  Wethcrsfield 

95 

84 

88 

Hed  Italian  Tripoli 

S9 

07 

8« 

RUTA  BAOA. 

Imp.  Am.  Turple  Top 

98 

100 

99 

TURNIP. 

Purple  Top  Strap-leaf 

81 

97 

92 

Purple  Top  While 

37 

88 

85 

95 
97 

97 
99 

Sfi 

89 

93 

97 

U 

40 

95 

98 

97 
98 

93 

93 

92 

87 

92 

We  might  furnish  many  other  tables  of  similar  import,  which 
confirm  the  general  indication  of  the  difficulty  of  deciding  upon  the 
meaning  of  variation  in  comparative  tests  of  the  germinating  prop- 
erties of  commercial  seeds. 

As  allied  to  the  study  of  duplicates,  we  present  some  tabular 
data  obtained  in  an  endeavor  to  ascertain  the  lowest  tempera- 
ture at  which  maize  can  germinate.  In  these  trials  the  seed  was 
recorded  as  germinated  when  the  acrospire  had  distinctly  broken 
through  the  pellicle  of  the  grain. 
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Our  last  trial  was  incomplete  on  account  of  the  disarrangement 
of  our  apparatus  at  the  450th  hour.  From  11  a.  h.  March  16, 
1885,  to  4  p.  M.  April  4,  the  temperatures  maintained  varied  from 
37°  to  42°  F.  The  examinations  of  the  thermometer  enclosed  with 
the  seed  as  a  check  upon  the  thermostat  numbered  210  readings. 
Of  these  four  were  37°  ;  one  37.5°  ;  twelve  were  38°  ;  twenty-eight 
were  38.5°  ;  one  Imndred  and  eight  were  39°  ;  twenty  were  39.5°  ; 
thirty-two  were  40°;  one  was  40.5°;  two  were  41°;  two  were 
42°,  these  two  at  9  and  10  a.  m.  April  3,  when  the  apparatus  halt- 
ed until  the  rise  was  discovered,  the  8  and  11  a.  m.  readings  be- 
ing 40°. 

The  Chester  County  Mammoth  Dent  showed  first  germination  in 
430  hours ;  the  Waushakum  Flint  in  460  hours,  the  Amber  Rice 
Pop  so  near  germination  at  the  450th  hour  as  to  be  doubtfully  re- 
jected. The  apparatus  after  the  4  p.  m.  count,  April  4,  was  left 
exposed  to  the  temperature  of  the  office,  say  72°  to  78°  F.,  and  at 
4  p.  M.  April  5,  or  twenty-four  hours  later,  one  hundred  per  cent 
of  germinations  were  noted  for  all. 

The  following  table  represents  the  hour  in  which  the  first  seed 
was  noted  as  germinated,  at  various  temperatures  : — the  seed  in  all 
the  trials  was  taken  from  the  same  ear. 


FIRST  GERMINATION,  IN  HOURS,  AT  VARIOUS  TEMPERATURES. 


37'-42" 


41"-43. 


43.5M7.8'    41'-49.«*'  45.3"-50.7* 


48.5'-5.'J.5' 


DEST  FORM-SPECIKS. 

AdainsEaily 
Chester  Co.  Mammoth 
Golden  lieiiiity 
Queen  of  the  Prairie 
Mammoth  White  Surprise 
Farmerh'  Favoi  ite  Golcleu 

FLINT  tOKM-SFECIES. 

Waushalvum 
Eight  rowed  Wliite 
Golden  Dew  Drop 
King  Philip 

1H)P  FORM-SPECIES. 

Dwarf  Golden 
While  Pearl 
Amber  Kice 

8WEET  FORM -SPECIES. 

Sto well's  Evergreen 

Narragansett 

Black  ii^ngur 

Squantuni 

Uickox  Improved 

Mammoth 

Large  Early  Eight  Rowed 

SOKr  FORM- SPECIES. 
Tiiscarora 
Zuui  blue 


430 


460 


233 
2.W 
401 
401 
479 
521 

331 

4!»8 
4'JS 

408 
37d 
378 

452 

4!)8 
479 
4i)8 
(>1H 
610 
621 

378 
431 


204 


336 


336 


180 

108 

228 
216 

228 
228 
228 

604 

288 
300 

408 

228 
228 

142 
142 


142 
150 


141 
141 
141 

196 
209 


161 

185 
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We  note  some  variations  in  this  table  which  can  only  be  ac- 
counted for  under  the  assumption  of  individual  variation,  or  the 
difficulty  of  obtaining  duplicate  seed.  Thus  the  Chester  Co.  Mam- 
moth gave  its  first  germination  in  264  hours  at  43.5°  to  47.8°  tem- 
perature, and  the  233rd  hour  at  the  cooler  temperature  of  41° 
to  43.7°.  Stowell's  Evergreen  germinated  the  504th  hour  at  41°  to 
49.6°  lomperature,  and  the  452ud  hour  at  the  41°  to  43.7°  tempera- 
ture. This  seed  individuality  constantly  appears  in  germination 
trials,  as  when  tomato  seeds  germinate  irregularly  during  a  period 
extending  oftentimes  over  twenty  or  more  daj's  under  identical 
exposures. 

During  these  trials  at  low  temperatures,  none  of  the  seed  rotted  ; 
and  at  the  conclusion  of  the  trial,  usually  brought  about  by  the 
cessation  of  our  water  flow,  whereby  the  temperature  was  kept 
cool,  the  seed  exposed  to  the  temperature  of  the  ofllce  germinated 
usually  one  hundred  per  cent,  and  furnished  strong  and  vigorous 
growth. 


The  question  of  bisexualitt  in  the  pond-scums  (Zygnema- 
ceje).  By  Prof.  Charles  E.  Bessey,  University  of  Ne- 
braska, Lincoln,  Nebraska. 

LAB8TRACT.1 

This  paper  is  devoted  to  a  discussion  of  the  question  whether 
the  conjugation  observed  in  the  Zygnemacese  is  bisexual  in  char- 
acter. Certain  structural  facts  indicate  some  differentiation  of 
the  filaments  into  male  and  female.  On  the  contrary,  other  facts 
indicate  that  the  filaments  have  not  become  suflSciently  differen- 
tiated to  be  distinguished  as  of  different  sexes.  After  the  cita- 
tion and  discussion  of  facts  bearing  upon  the  question  the  conclu- 
sion is  reached  that  these  plants  possess  an  undifferentiated 
sexuality  and  that  they  may  be  designated  as  unisexual^  in  con- 
tradistinction to  higher  plants  which  are  bisexual. 

The  conclusion  is  also  reached  that  on  this  account  the  Zygne- 
macese are  to  be  placed  among  the  lower  Thallophytes,  but  little 
above  the  asexual  Protophytes. 
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Further  observations  on  the  adventitious  inflorescence  of 
CuscuTAGLOMERATA.  By  Prof .  Charles  E.  Bessey,  University 
of  Nebraska,  Lincoln,  Neb. 

[ABSTRACT.] 

Last  year  I  called  the  attention  of  the  Association  to  the  fact  that 
this  dodder  produces  its  flowers  upon  short,  adventitious  branches, 
which  themselves  repeatedly  branch  and  are  closely  covered  with 
scales.  A  further  examination  shows  that  this  is  the  universal  rule 
with  this  species,  no  normal  inflorescence  developing.  The  adven- 
titious inflorescence  always  bears  a  definite  relation  to  the  posi- 
tion of  the  parasitic  roots :  that  portion  of  the  stem  which  produces 
roots  always  produces  adventitious  inflorescence,  and  the  greater 
the  number  of  roots,  the  greater  the  inflorescence.  No  adventitious 
'inflorescence  is  produced  upon  any  portion  of  the  stem  which  does 
not  bear  roots.  The  stem  proper  all  dies  away  soon,  not  onl}' 
'between  the  inflorescences,  but  also  in  the  flower  clusters  themselves. 
The  flowering  branches  establish  direct  structural  connection  with 
the  host  plant.  When  the  latter  is  accomplished,  the  scales  upon 
the  flowering  branches  often  contain  considerable  quantities  of 
chlorophyll. 


iProthallium  of    ferns.      By   Douglas  H.  Campbell,  Detroit, 
Mich. 

[AB8TUACT.*] 

The  following  points  were  dwelt  upon :  first,  the  value  of  the 
study  of  development  for  a  full  appreciation  of  the  true  place  of 
plants  in  a  classification,  and  the  advantages  which  ferns  offer  in 
the  development  of  the  prothallium  for  such  study,  on  account  of 
their  wide  distribution  and  the  readiness  with  which  the  spores 

•  can  be  germinated. 

Second,  the  methods  employed  in  growing  the  prothallia,  with 
results  obtained  by  different  ones,  the  conclusion  being  reached 
that  those  grown  on  earth  developed  in  a  more  normal  manner  than 

•  under  other  circumstances. 

Third,  the  development  of  the  prothallium  from  the  spore  was 

^Published  ia  ftiU  with  Ulustrations  in  the  Botanical  Gazette,  Sept.  and  Oct.,  1885. 
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traced  up  to  the  time  of  the  formation  of  the  sexual  organs,  sta- 
tistics being  given  as  to  the  time  of  tlie  appearance  of  these  and 
their  number. 

Fourth,  the  presence  of  a  third  coat  in  the  spores  of  the  genus 
Onodea. 

Fifth,  The  marked  dioeciousness  of  the  three  ferns  specially 
studied,  Onodea  struthiopteris,  Onodea  sensibilis  and  Aaplenium 
filix  foemina^  and  the  simple  character  of  some  of  the  male  pro* 
tballia. 


Thb  process    of    fertilization  in   Campanula.    Americana  L. 
By  Prof.  Charles  R.  Barnes,  Lafayette,  Ind. 

[ABSTRACT.] 

The  species  is  strongly  proterandrous.  The  pollen  is  scraped 
out  of  the  anthers  by  the  hairy  style  and  brushed  off  that  before 
the  stigmas  open,  thus  securing  cross-fertilization. 

The  development  of  the  pollen  is  normal. 

The  stigmas  are  held  together  till  mature  by  interlocking  pa* 
pillae. 

The  hairs  on  the  style  become  partially  introverted,  thus  free- 
ing the  pollen. 

The  pollen-spore  contains  two  nuclei,  the  larger  of  which,  the 
vegetative,  becomes  disorganized  shortly  after  entering  the  pol- 
len-tube ;  the  smaller,  spindle-shaped,  generative  nucleus  persists. 

The  embryo-sac  is  cylindrical,  with  a  gradual  enlargement 
near  the  micropylar  end  where  is  located  the  egg- apparatus,  and 
an  abrupt  enlargement  at  the  chalazal  end,  in  which  lie  the  an- 
tipodal cells.     There  are  usually  two  sac  nuclei. 

The  pollen  tubes  enter  the  style  between  the  bases  of  the  papillse 
of  the  stigma,  pass  down  in  the  strands  of  conducting  tissue  and 
not  through  the  central  canal,  around  which  this  tissue  is  ar- 
ranged. 

The  paper  was  followed  by  an  account  of  the  methods  used. 
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On  the  appearance  of  the  relation  of  oyart  and  perianth 

IN     THE     development      OF    DiCOTTLEDONS.      By   Piof.    JoHN 

M.  Coulter,  Wabash  College,  Crawfordsville,  Iiid. 

[ABSTRACT.*] 

Two  years  ago,  in  an  organogenic  study  of  the  dandelion  flower, 
my  attention  was  called  to  the  fact  that  the  character  of  inferior 
ovar}'  was  the  first  to  make  its  appearance.  Since  then  this  hint 
has  been  somewhat  extensively  followed  up,  and  the  results  form 
the  reason  for  the  present  paper. 

Among  Angiosperms,  the  present  grouping  of  Dycotyledons  is 
most  unsatisfactor}',  as  long  recognized  by  botanists.  A  group 
called  Apetaloe,  intercalating  most  intricately  with  Polypetalce^  is 
yet  separated  from  them  by  Gamopetalce,  which  are  more  highly 
developed  than  either. 

As  embr3'ology  has  been  of  such  invaluable  aid  in  zoological 
classification,  it  is  but  reasonable  to  suppose  that  organogeny  may 
be  able  to  play  some  such  part  in  botany. 

Upon  the  discovery  that  the  inferior  ovary  was  the  first  character 
to  appear  in  the  development  of  the  dandelion  flower,  a  somewhat 
extensive  examination  of  the  larger  dicotyledonous  families  was  be- 
gun, to  discover  how  the  character  was  sustained.  Many  species 
were  examined  from  the  families  Ranunculacese,  Leguminosse, 
Rosacese,  Saxifragacece,  Onagraceae,  Rubiaceoe,  Umbelli ferae,  Com- 
positae,  Borraginaccte,  Scrophulariacese  and  Labiatae.  The  result 
was,  that  in  ever}'  case  the  first  character  recognized  in  the  devel- 
opment of  the  flower,  was  that  of  inferior  or  superior  ovar}',  and  a 
most  simple  grouping  upon  that  basis  was  apparent.  In  the  case 
of  an  inferior  ovary,  the  protuberance  which  is  to  develop  into  the 
flower,  is  arrested  in  its  axial  development,  grows  peripherally  into 
a  collar  (the  nascent  floral  envelopes),  and  soon  there  appears  an 
external  constriction,  distinguishing  the  floral  envelopes  above 
from  the  ovary  below.  In  the  case  of  a  superior  ovary,  the  axial 
development  is  continued,  and  there  is  no  external  constriction. 
AH  this  is  perfectly  clear  before  any  character  is  furnished  by  the 
floral  envelopes. 

Grouping  Dicotyledons  upon  this  basis  results  somewhat  as  fol- 
lows :  CompositcB  at  the  head  of  the  list,  already  for  some  time 
considered  of  highest  rank,  and  near  them  such  groups  as  UmbelU 

iThis  paper  is  publisbed  in  the  Botanical  Gazette  for  Sept.  and  Oct.,  1885. 
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iferm^  Rubiaceoe^  etc.  Of  course,  in  all  natural  classifications  there 
is  a  series  of  intermediate  forms  whose  relationships  are  hard  to 
determine.  Intermediate  between  inferior  and  superior  ovaries 
stand  such  groups  as  Roaacece  and  Saxifragacece.  The  second 
group,  that  of  superior  ovaries,  includes  LeguminoscB,  Scrophular- 
iacece,  Labiates,  etc.,  and  so  on  through  the  polymorphous  Ranun- 
culacece  to  other  PolypetalaB  and  Apetalse.  Such  a  grouping, 
expressed  in  the  terms  of  our  present  classification,  would  arrange 
Dicotyledons  as  follows : 

I.  Gamopetalse,   with  inferior  ovary,  and   some  Polypetalse 
(Compositfle,  etc.). 

II.  Gamopetalse,   with  superior  ovary,  and  some  Polypetalae 
(Leguminosae,  Labiatse,  etc.). 

III.  Remaining  Polypetalae  and  Apetalse  intercalated. 

The  above  must  be  recognized  not  as  a  presented  classification, 
.  but  simply  as  tracing  some  of  the  possible  results  of  organogenic 
study. 


Proof  that  bacteria  are  the  direct  cause  of  the  disease 
IN  trees  known  as  pear  blight.  By  Prof.  J.  C.  Arthur, 
Geneva,  N.  Y. 

It  has  now  been  five  years  since  Prof.  Burr  ill  brought  the  sub- 
ject of  pear  blight  before  this  Association  and  announced  that  it 
was  due  to  bacteria.  Previous  to  that  time  no  instance  of  bac- 
teria acting  the  role  of  vegetable  parasites  had  been  known,  and 
the  discovery  was  therefore  a  very  important  one,  opening  the  way 
to  a  new  and  promising  field  of  research. 

The  experiments  of  Professor  Burrill  showed  that  the  disease 
alluded  to  was  invariably  accompanied  by  a  specific  form  of  bac- 
teria (since  named  Micrococcus  amylovorus  Burrill),  and  that  as  the 
disease  progressed  a  colorless  or  yellowish  viscid  substance  was 
formed,  apparently  by  the  action  of  the  bacteria  upon  the  starch 
and  other  substances  of  the  plant.  The  disease  results  in  the  com- 
plete death  of  all  those  parts  of  the  tree  that  are  attacked. 

Although  from  these  and  subsequent  investigations,  the  theory 
has  been  quite  generally  accepted  that  the  bacteria  are  the  cause  of 
the  disease,  no  rigid  proof  of  it  has  yet  been  brought  forward.    It 
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was  with  a  view  to  either  absolutely  prove  or  disprove  the  theory 
that  a  course  of  experiments  was  begun  last  March  and  continued 
to  the  present  time. 

It  had  been  incontestably  shown  that  the  disease  may  be  readily 
transmitted  to  healthy  tissues  by  introducing  a  drop  of  an  infusion 
made  by  putting  some  thin  slices  of  the  diseased  tissues  in  water,^ 
or  by  simply  transferring  a  minute  portion  of  the  exudation  from 
the  diseased  to  the  healthy  shoot.^  Tlie  problem  was  consequently 
narrowed  down  to  one  of  two  alternatives,  either  the  bacteria  were 
the  cause  of  the  disease  or  the  juices  which  accompanied  them 
were  the  cause  of  it. 

The  first  attempt  was  to  secure  some  inoculating  material  in 
which  the  bacteria  were  entirely  freed  from  the  juices  of  the  dis- 
ease. This  was  done  by  means  of  a  succession  of  artificial  cultures 
in  a  sterilized  infusion  of  corn  (maize)  meal.  Two  series  were 
successfully  carried  through,  extending  over  about  four  months, 
and  an  inoculation  from  the  sixth  culture  of  each  introduced  into 
the  green  fruit  of  a  Bartlett  pear. 


The  accompan3ing  tables  will  show  the  kind  of  culture  vessels 
used,  the  amount  of  culture  fluid  thej^  contained,  and  the  date  at 
which  each  one  was  started.  The  first  culture  of  the  series  was 
infected  with  a  very  small  fragment  of  wood  taken  from  the  inner 
portion  of  a  diseased  limb  of  Flemish  Beauty  pear,  in  which  the 
disease  had  been  slowly  advancing  during  the  winter,  from  an  in- 
oculation made  July  26,  1884,  with  an  infusion  of  blighted  twig 
from  an  apple  tree.  The  infection  of  each  of  the  other  cultures 
of  the  series  was  successively  made  with  a  small  drop  of  the  one 

» Arthur,  BuU.  N.  Y.  Agric.  Exper.  Station,  XCII:  3rd  Ann.  Rep.  N.  Y.  Ag.  Exper. 
Station,  p.  358. 

9  Burrill,  Amer.  Asboc.  Adv.  Sci./  XXIX,  p.  580;  Amer.  Naturalist,  XV,  p.  529.  Ar- 
thur, 1.  c. 


No.  of 

Date  of 

Kind  of  culture 

Amount 

culture. 

infection. 

vessel. 

ofjiuid. 

301 

Mar.  27, 

Salmon  culture  tube, 

20  cc. 

302 

Apr.  1, 

(i                         4(                 (( 

20  " 

307 

*'     21, 

Sternberg  culture  flask. 

i" 

309 

"     24, 

U                           ((                   (( 

2 

314 

May  22, 

((                          4C                   (( 

J.     i' 

322 

June  5, 

Test-tube  with  Fol  stopper, 

25  " 

364 

July  13, 

Bartlett  pear  on  tree. 

• 
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preceding.  From  the  last  cultare  a  drop  was  transferred  to  a 
puncture  in  an  unripe  Bartlett  pear.  In  both  cases  the  pears  were 
soon  filled  with  the  disease.  They  did  not  turn  brown  about  the 
wound  as  is  the  more  usual  way,  but  first  indicated  tlie  presence 
of  the  disease  by  beginning  to  shrivel,  which  occurred  in  one  case, 
in  nine  days  after  inoculation,  and  in  the  other  in  ten  days.  Upon 
cutting  the  pears  open  the  softer  tissues  were  found  broken  down 
and  liquefied,  and  a  milky  viscid  juice  ran  out,  showing  that  the 
disease  had  taken  thorough  possession. 


No.  of 

Date  of 

Kind  of  culture 

Amount 

culture. 

infection. 

vessel. 

of  fluid. 

301 

Mar.  27, 

Salmon  culture  tube, 

20  cc. 

302 

Apr.  1, 

n            ((         (( 

20  " 

307 

*'      21, 

Sternberg  culture  flask. 

i" 

309 

"      24, 

((                        ((                  u 

i" 

310 

"      27, 

U                       ((                  u 

i  " 

320 

June    5, 

Test-tube  with  Fol  stopper, 

25  " 

362 

•[illy  13, 

Bartlett  pear  on  tree. 

By  this  means  of  fractional  culture  the  juices  accompanying  the 
bacteria  first  introduced  were  so  much  diluted  in  the  transfers  to 
succeeding  cultures  that  the  final  drop  used  to  inoculate  the  pear 
was  practically  free  of  them,  and  to  the  bacteria  only,  supplied  by 
continued  growth  and  multiplication,  can  we  ascribe  the  last  re- 
sult. 

Having  shown  that  the  bacteria  when  isolated  from  their  juices 
are  able  to  cause  the  disease,  it  still  remained  to  show  what  action 
the  juices  would  have  when  separated  from  the  bacteria.  On  July 
18,  a  strong  infusion  of  blighted  pear  was  filtered  through  a  porous 
earthenware  vessel,  such  as  used  for  small  electric  batteries,  and 
an  unripe  Bartlett  pear  inoculated  with  the  filtrate  and  another 
pear  with  the  infusion  used  for  filtering.  In  a  week  the  latter 
was  thoroughly  blighted,  while  the  former  showed  no  signs  of  in- 
jury except  the  slight  wound,  which  finally  healed.  On  July  24, 
another  strong  infusion  of  pear  blight  was  filtered  through  a  sec- 
ond battery  cell.  Both  of  these  cells  were  new,  and  had  never  be- 
fore been  used  for  any  purpose.  In  this  case  two  unripe  Bartlett 
pears  were  inoculated  with  the  un filtered  infusion  and  two  others 
on  the  same  tree  with  the  resulting  filtrate.  Both  the  former 
showed  strong  evidences  of  the  disease  within  three  days,  while  the 
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latter  soon  healed  up  the  small  woands  made  by  the  iDOCulation, 
and  have  continued  their  normal  growth. 

The  evidence  is  thoroughly  satisfactory  and  conclusive  —  the 
bacteria  accompanying  the  disease  of  trees  known  as  pear  blight 
when  fully  isolated  will  produce  the  disease,  while  the  juices  in 
which  they  live  will  not.  They  are,  therefore,  the  direct  cause  of 
the  disease.^ 


The  mechanical  injuries  to  trees  by  cold.      By  Prof.   T.   J. 
BuRRiLL,  University  of  Illinois,  Champaign,  III. 

[ABSTRACT.] 

The  injuries  to  the  trunks  of  trees  resulting  from  too  low  tem- 
perature may  be  of  several  distinct  kinds,  with  or  without  appar- 
ent disturbance  of  the  structure.  But  in  this  paper  mention  is 
made  of  those  in  which  the  tissues  are  mechanically  ruptured  and 
visible  wounds  are  produced.  Of  these  latter  there  are  two  dis- 
tinct forms  of  injury. 

In  one  case  the  bark  and  wood  split  in  a  longitudinal,  radial 
direction  so  as  to  gape  open  while  frozen  and  nearly  close  again 
upon  the  return  of  warm  weather. 

The  second  form  of  injury — followed  by  much  more  serious  re- 
sults— is  the  separation  of  the  bark  from  the  wood  or  of  concen- 
tric layers  of  wood  corresponding  with  the  annual  layers  of  growth. 
The  most  detrimental  consequences  result  from  the  rupture  of  the 
cambium  layer,  severing  the  bark  from  the  wood,  killing  the  tree 
when  the  wound  extends  entirely  around  its  trunk. 

In  attempting  an  explanation  of  these  occurrences,  the  common 
phenomena  attending  the  crystallization  of  water  in  its  pure  state 
and  as  combined  with  other  substances  are  recited  in  the  paper, 
and  the  structure  of  vegetable  tissues,  as  far  as  necessary  for  the 
purpose,  is  explained. 

It  is  then  shown  that  the  longitudinal  radial  cracks  are  princi- 
pally due  to  the  shrinking  of  the  tissues  with  the  decrease  of  heat, 
just  as  they  occur  upon  dessication.  But  such  cracks  may  be  par- 
tially due  to  the  expansive  force  of  freezing  water  after  the  fashion 

'This  paper  is  also  published   in  the  Botanical  Gazette,  vol.  X,  p.  343,  and  Gar- 
deners' Chronicle,  vol.  XXIV,  p.  686. 
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of  the  bursting  of  a  water  pipe.  Such  cracks,  however,  do  not 
occur  until  the  temperature  sinks  many  degrees  below  the  freezing 
point  for  pure  water,  but  not  necessarily  below  that  of  the  water 
as  it  exists  in  its  state  of  molecular  distribution  among  the  struc- 
tural elements  of  the  plant.  Upon  observation  it  has  been  found 
that  in  the  perennial  tissues  of  hardy  trees  in  healthy  winter  condi- 
tion ice  rarely  forms  at  10°  Fahr. ;  not  very  frequently  at  zero, 
more  often  at  —  6^  to — 12°  ;  quite  commonly  at  — 15°  to — 20°,  but 
sometimes  not  even  at  —  28° Fahr.  Yet  from  this  same  wood,  heart 
as  well  as  sap  wood,  40  per  cent  of  water  may  be  evaporated  at  a 
temperature  a  little  below  that  of  boiling  water.  The  water  is 
present,  but  owing  to  the  molecular  adhesions  between  the  water 
and  the  elements  of  plant  tissues  the  movements  necessary  for 
crystallization  do  not  take  place  until  the  temperature  designated 
is  reached.  We  need  not  appeal  to  what  is  known  as  "vital  re- 
sistance" to  account  for  the  phenomenon. 

The  second  form  of  injury — especially  prevalent  in  apple  trees 
— is  believed  to  be  due  to  the  growth  of  ice  crystals  studding  in  a 
close  or  dense  la3^er  the  surface  upon  which  they  form.  Such  min- 
iature forests  of  crystals  can  be  found  in  green  plants  even  after 
slight  freezing,  as  well  as  in  ripened  wood  in  severely  low  tem- 
peratures. 

In  the  trunks  of  trees  the  crystallizations  begin  in  any  part 
where  there  is  proportionally  most  pure  water.  The  very  process 
of  solidiQcation  causes,  by  the  law  of  equal  diffusion,  a  movement 
of  water  from  adjoining  parts  towards  the  point  from  which 
the  first  liquid  (as  such)  is  removed.  Hence  the  ice  crystals 
Qrst  formed  constantly  grow,  attracting  as  it  were  the  water  from 
neighboring  parts  of  the  tissue.  This  growth  of  the  crystals, 
associated  as  they  occur  in  close  layers,  pushes  asunder  the  nor- 
mally connected  tissues.  If  the  cambium  layer  is  the  seat  of  the 
ice  formation  the  whole  bark  is  thus  separated  from  the  wood.  If 
the  more  porous  portions  of  the  annual  rings  of  the  wood  itself 
are  thus  filled  with  ice  the  structure  may  be  ruptured  in  concentric 
layers  of  greater  or  less  thickness.  This  seems  to  occur  most 
often  in  old  trees,  and  what  are  called  ''windshakes"  are  in  reality 
mostly  due  to  frost. 

Such  being  the  case,  it  is  easy  to  see  that  the  condition  of  the 
tissues  with  respect  to  the  content  and  molecular  association  of 
water  has  much  to  do  with  the  degree  of  cold  plants  may  with- 
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stand  without  injury.  What  we  call  ripeness  in  wood  and  bark 
largely  relates  to  the  amount  and  condition  of  the  contained  water ; 
hence  materially  affects  the  ability  of  trees  to  pass  without  injury 
the  vicissitudes  of  winter.  Ripe  seeds  contain  about  ten  per  cent 
of  water.  This  latter  does  not  freeze  during  our  coldest  weather. 
The  wood  of  living  trees  contains  forty  per  cent  of  water  and  this 
does  freeze  as  we  have  seen  at  temperatures  below  Fahrenheit's 
zero.  Whenever  this  occurs  to  a  sufficient  extent,  rupture  of  the 
tissues  follows,  not  by  the  bursting  of  individual  cells  like  earthen 
vessels  containing  water,  but  by  the  forcible  pushing  asunder  of 
parts  as  the  numerous  though  isolated  crystals  increase  in  length. 
Whatever  tends  to  increase  the  amount  of  water,  structurally  free 
in  living  wood,  tends  to  expose  this  to  destruction  by  frost,  and 
so  far  as  mechanical  ruptures  are  concerned  the  degree  of  temper- 
ature at  which  destruction  begins  varies  inversely  with  the  free 
water  present. 


Notes  on  some  injurious  fungi  of  California.    By  Prof.  W. 
G.  Farlow,  Harvard  University,  Cambridge,  Mass. 

During  a  recent  trip  to  California  I  had  an  opportunity  of  ob- 
serving some  injurious  fungi  which  attack  the  native  plants  and, 
as  they  may  hereafter  be  the  cause  of  disease  in  cultivated  plants, 
it  may  be  well  to  call  the  attention  of  the  members  of  this  society 
to  a  few  facts  with  regard  to  them. 

In  travelling  in  Mexico,  the  attention  of  the  botanist  is  at- 
tracted by  the  pleasing  foliage  and  graceful  habit  of  Nicotiana 
glaxica  Grab,  which  is  abundant  along  the  railroads  and  highways 
where  it  often  attains  a  height  of  ten  feet  or  more.  This  shrub 
or  small  tree  is  a  native  of  Buenos  Ayres,  but  is  thoroughly  ac- 
climated in  Mexico  and  is  occasionally  cultivated  in  the  green- 
houses of  our  northern  states.  Within  a  few  years  it  has  escaped 
from  cultivation  in  California  and  is  now  a  common  roadside  plant 
from  San  Diego  to  Los  Angeles  and  Santa  Barbara  and  also  oc- 
curs, but  less  commonly,  still  farther  to  the  north.  While  in  San 
Diego,  I  noticed  that  the  leaves  of  the  Nicotiana  were  badly  at- 
tacked by  a  fungus  which  formed  large,  grayish  black  spots  on 
both  sides  of  the  leaves.      The  spots  were  often  two  inches  in 
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diameter  and  sometimes  even  larger,  and  the  circumference  was 
irregular  but  sharply  limited,  so  that  ttie  transition  from  the 
healthy  to  the  diseased  leaf-tissue  was  sudden. 

A  microscopical  examination  shows  that  the  fungus  in  question 
is  Feronospora  hyoscyami  De  Bary  which  was  first  found  on 
Hyoscyamus  niger  L.,  in  Europe,  where  it  does  not  appear  to  be  at 
all  common.  Both  in  Europe  and  California,  the  spots  formed  on 
the  leaves  are  large  and  the  surface  is  densely  covered  with  a  lux- 
uriant growth  of  conidia,  but,  so  far  as  I  know,  no  oospores  have 
yet  been  found  in  this  species. 

Since  it  is  well  known  that  the  species  of  Feronospora  attack 
different  species  of  flowering  plants  which  belong,  botanically 
speaking,  to  the  same  natural  order,  it  is  much  to  be  feared  that 
the  disease  which  now  attacks  Nicoiiana  glauca  may  sooner  or 
later  extend  to  the  cultivated  tobacco  which  belongs  to  the  same 
genus.  If  this  happens,  the  injury  to  the  tobacco  would  be  very 
great,  since,  by  causing  large  spots  on  the  leaves  to  rot,  they 
would  become  worthless  for  manufacturing  purposes.  We  must, 
at  least,  consider  the  probabilities  with  regard  to  the  spreading  of 
the  disease. 

The  fungus  was  only  observed  by  me  at  San  Diego,  but  it  was 
abundant  there.  Whether  it  occurs  in  Mexico  or  not,  I  cannot 
say  ;  but  my  opportunity  for  observing  in  that  country  was  so 
limited  that  the  fungus  might  have  been  very  abundant  there  and 
still  escaped  my  notice.  At  Santa  Barbara,  however,  I  was  able 
to  make  a  pretty  careful  search,  and,  as  far  as  I  could  ascertain, 
the  disease  has  not  yet  made  its  appearance  there;  but,  from  what 
we  know  of  the  history  of  tl>e  spreading  of  diseases  caused  by  other 
species  of  Feronospora,  there  is  every  reason  to  suppose  that  the 
disease  which  we  are  now  considering  will  soon  reach  Santa  Barbara. 
As  tobacco  is  not  an  important  crop  in  California,  we  are  less  inter- 
ested in  the  spreading  of  the  disease  in  that  state  than  in  its  ex- 
tension to  the  southeastern  states.  The  Nicotiana  glauca  may 
perhaps  spread  northward  and  eastward  until  it  reaches  the  gulf 
states  carrying  with  It  the  Feronospora ;  but  it  is  too  tender  to 
stand  the  winters  farther  north  without  protection.  What  is  also 
to  be  feared  is  that  in  advancing  eastward  the  fungus  may  be 
communicated  to  some  species  related  to  Nicotiana  glauca^  as,  for 
instance,  Hyoscyamus  niger^  and  thus  be  transported  north  of 
the  limit  where  the  Nicotiana  glauca  might  grow,  but  where  N. 
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tobacum,,  the  tobacco  plant,  is  cultivated.  But  this  snpposition  is 
almost  superfluous,  because  if  Nicotiana  glauca  and  its  parasite 
are  once  introduced  into  the  gulf  states,  the  parasite  might  at- 
tack the  tobacco  grown  tliere  and  then  pass  on  to  Virginia  and 
other  states- where  tobacco  is  the  most  important  crop. 

At  the  Minneapolis  meeting  I  stated  in  a  paper  read  before  the 
society  that  Peronospora  Halstedii^  although  one  of  the  commonest 
species  on  Compositse  in  the  eastern  and  central  states,  had  not 
3'et  been  found  either  in  the  extreme  south  or  on  the  Pacific 
coast.  I  am  indebted  to  Dr.  H.  W.  Harkness  for  specimens  of  a 
Peronospora  growing  on  Madia  saliva  near  San  Francisco, 
which  is  identical  with  P,  Hahtedii^  so  that  this  t3'pical]y  Amer- 
ican species  extends  quite  across  the  continent.  Peronospm^a  lep- 
tospei^via  Dc  Bary,  known  in  Europe  and  in  the  Mississippi  valle}', 
I  also  found  to  be  common  at  Santa  Barbara  and  Santa  Croz  on 
Arteynisia  Ludoviciana, 

The  hollyhock  disease,  Puccinia  malvacearum  Mont.,  which 
was  originally  noticed  in  Chili,  has,  in  recent  years,  spread  over 
Europe  and  its  progress  has  been  more  carefully  watched  by  bot- 
anists than  that  of  any  other  plant  disease,  the  potato  rot  and  grape 
mildew  perhaps  excepted.  But  while  the  two  diseases  last  named 
extended  to  Europe  by  way  of  North  America,  the  hollyhock  dis- 
ease apparently  was  conveyed  directly  from  South  America  to 
Europe  and  did  not  pass  through  the  United  States. 

The  onl}'  reference  to  the  existence  of  the  hollyhock  fungus  in 
this  country  is  in  the  Catalogue  of  Pacific  Coast  Fungi  by  Hark- 
ness and  Moore,  where  it  is  said  to  have  been  found  on  Malva 
near  San  Francisco.  A  fungus  related  to  the  hollyhock  fungus 
has  been  observed  on  species  of  Malvastrum  in  the  western  states 
and  California.  It  was  first  seen  by  Mr.  D.  Cleveland  near  San 
Diego  in  1875  and  has  been  seen  several  times  since.  By  some 
the  fundus  on  Malvastrum  has  been  considered  distinct  and  even 
those  who  have  considered  it  a  variety  of  P.  Mdlvaceai^mn  have 
regarded  it  as  distinctly  unlike  the  form  found  on  hollyhocks. 
When  in  California  I  examined  with  care  the  different  Malvaceae 
to  which  order  the  holl^'hock  belongs,  to  see  whether  the  true 
hollyhock  fungus  did  not  occur  in  that  state.  During  a  visit  to 
the  garden  of  Mrs.  El  wood  Cooper  near  Santa  Barbara,  I  found 
the  hollyhocks  covered  with  a  Puccinia  and  in  a  canon  near  the 
garden  I  also  found  a  few  leaves  of  Malva  borealis  L.,  on  which 
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was  the  same  fungus.  I  at  first  supposed  that  what  I  had  found 
was  tlie  hollyhock  disease  of  Europe  and  South  America ;  but 
closer  examination  and  a  careful  comparison  with  European  spec- 
imens showed  that  the  form  found  at  Santa  Barbara  was  not  the 
European  form,  but,  on  the  contrary,  precisely  the  form  already 
known  on  Malvastrum  in  this  country.  This  is  to  me  rather  sur- 
prising, for,  if  tlie  fungus  on  Malvastrum  is  only  a  variety  of  the 
hollyhock  fungus,  when  the  disease  appears  on  hollyhocks  in  this 
country  it  should  appear  in  its  typical  form ;  and,  on  the  other 
hand,  if  the  Malvastrum  fungus  is  really  a  distinct  species  then 
the  hollyhock  disease  of  Europe  is  not  the  hollyhock  disease  of 
this  country,  although  both  are  caused  by  nearly  related  Pucciniae 
of  the  subgenus  Leptopuccinia.  A  detailed  account  of  the  dif- 
ferences recognized  in  the  two  forms  mentioned  is  Only  of  interest 
to  mycologists  and  a  discussion  of  the  subject  will  come  up  more 
appropriately  in  another  connection.  In  case  of  tlie  fungus  in 
question  one  should  consider  the  possibility  that  it  may  attack 
the  cotton  plant  at  some  future  date,  although  Cesati  stales  that 
Puccinia  malvacearuvi  has  not  attacked  the  cotton  in  Italy.  As 
far  as  our  own  cotton  is  concerned,  danger  is  rather  to  be  appre- 
hended from  Puccinia  Jieterospora  B.  &  C,  which  in  its  different 
forms  is  widely  distributed  on  different  Malvaceae  in  the  southern 
states. 


A  New  chromogenocs  bacillus.  By  Dr.  D.  E.  Salmon  and 
Dr.  Theobald  Smith,  Department  of  Agriculture,  Washing- 
ton, D.  C. 

This  bacillus  which  we  have  provisionally  named  Bacillus  lutcus 
suis  was  obtained  from  three  separate  cases  of  swine-plague,  one 
occurring  in  November,  1884,  the  others  in  April  and  May,  1885, 
respectively.  In  each  case  the  bacillus  was  isolated  from  other 
germs  by  means  of  plate  cultures  according  to  Koch*s  method.  In 
the  first  case  the  source  of  the  bacillus  was  a  liquid  culture  from 
pericardial  effusion,  in  the  two  others  it  was  the  peritoneal  effusion, 
that  contained  the  bacillus.  It  is  probable  that  the  bacillus  is 
normally  an  inhabitant  of  the  intestine  in  the  pig  and  that  its  pres- 
ence elsewhere  in  the  fluids  of  the  body  is  due  to  lesions  of  the 
intestinal  tract. 
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If  a  plate-cullure  of  this  microbe  be  prepared  according  to  tbe 
accepted  methods  and  exposed  to  a  tempcrnture  of  70-80°  F.,  it 
will  be  found  covered  with  minute  grayish  points  within  twenty-four 
hours.  The  points,  examined  with  a  1-inch  objective,  are  found  to  be 
spherical,  with  boundary  well  defined  by  a  dark  line,  and  from  .025 
to  .050  mm.  in  diameter.  The  mass  of  the  colony  has  a  pale, 
finely  granular  appearance  with  transmitted  light.  Within  forty-eight 
hours  thesphere  loses  its  homogeneous  appearance.  Faint  lines  map 
it  out  into  irregular  portions,  thus  giving  it  a  mulberry  appearance. 
Somewhat  later  the  centre  becomes  more  opaque,  and  a  faint,  nar- 
row border,  striated  radiall}',  may  be  made  out  with  ^  inch  objec- 
tive and  high  eyepieces.  The  appearance  of  the  colony  niay  differ 
somewhat  from  the  above  description,  depending  on  the  density  of 
the  gelatine  laj'er.  The  gelatine  medium,  used  throughout,  varied 
but  slightly  from  a  ten  per  cent  solution.  The  appearance  will  also 
depend  upon  the  situation  of  the  colony,  whether  within  or  on  the 
surface  of  the  gelatine  la3'er.  When  on  the  surface,  the  colony 
spreads  quickly  and  forms  an  irregular  depression  due  to  its  power 
of  liquefying  the  gelatine.  The  colonies  beneath  the  surface  re- 
main spherical  until  the}^  touch  the  surface,  then  liquefaction  ra[)idly 
progresses  and  the  colony  assumes  its  most  characteristic  appear- 
ance. This  occurs  from  two  to  four  days  after  the  preparation  of  the 
plate,  the  time  depending  on  the  temperature  of  the  room  and  the 
thickness  of  the  gelatine  layer.  The  colony  is  now  represented  to 
the  naked  eye  by  a  concave  depression  from  2  to  3  ram.  in  diame- 
ter, covered  by  irregular,  yellowish  masses.  Under  a  1-inch  ob- 
jective and  with  transmitted  light  these  masses  or  clumps  are  seen 
to  condense  towards  the  centre  into  a  kind  of  nucleus.  Towards 
the  periphery  the}^  grow  smaller  and  more  delicate  until  lost  in 
finely  granular  patches.  A  dark  border,  due  to  refraction,  bounds 
the  colony.  At  this  stage  the  transparent  gelatine  around  the 
colonies  becomes  stained  with  a  greenish  yellow  color  which  spreads 
pari  2^o,fisu  with  the  growth  of  the  colonies  until  the  entire  gelatine 
layer  is  converted  into  a  yellowish,  opaque  liquid  readii}'  flowing 
from  the  plate  when  the  latter  is  inclined. 

If  a  minute  portion  of  such  a  colony,  at  an  age  of  from  one  to  two 
days,  be  removed  with  a  needle,  and  placed  with  a  drop  of  sterile 
distilled  water  on  a  slide  and  tiioroughly  mixed  with  it,  it  will  be 
found,  when  magnified  700  to  800  diameters,  to  be  made  up  entirely 
of  rod-shaped  bodies  or  bacilli  from  1.2  to  1.5  micro-millimetres 
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long  and  .4  to  .5  micro-millimetres  in  diameter.  They  occur 
isolated  or  in  pairs.  In  the  former  state  they  may  reach  a  length 
of  from  2.5  to  3  micro-millimetres  before  division.  The  place  of 
division  becomes  quite  wide  in  most  pairs  before  final  separation 
and  appears  slightly  contracted.  The  isolated  rod  is  not  square 
at  its  extremity  but  gently  rounded.  The  question  of  spore  forma- 
tion has  not  j^et  been  settled.  If  it  should  be  found  that  the 
microbe  under  consideration  does  not  produce  spores,  it  would 
probably  be  better  to  class  it  among  the  bacteria  proper,  since  the 
remaining  characters,  as  indicated  above,  belong  partly  to  one 
genus,  partly  to  the  other. 

At  a  certain  stage  of  growth  the  bacillus  is  motile.  When  a 
drop,  taken  from  a  liquid  culture,  is  examined  under  a  high  power, 
the  bacilli  will  be  seen  moving  in  straight  or  curved  lines  very 
rapidly  across  the  field.  When  the  movements  become  somewhat 
slower,  some  may  be  observed  with  one  end  stationary  and  acting 
as  a  pivot  about  which  the  rod  itself  revolves  very  rapidly.  Some- 
times a  pair  may  be  seen  moving  across  the  field  and  at  the  same 
time  revolving  about  the  point  of  division,  each  describing  the 
surface  of  a  cone.  In  all  these  movements,  no  bending  of  the  rods 
themselves  was  observed.  When  taken  from  a  culture  in  gelatine, 
the  same  movements  are  observed. 

Cultivation  in  fluid  media.  If  a  portion  of  a  colony  be  trans- 
ferred with  afiamed  needle  from  the  gelatine  plate  described  above, 
into  a  culture-tube  containing  about  10  cc.  of  a  perfectly  limpid, 
sterile  meat  infusion  and  the  tube  kept  at  about  100°  F.,  the  liquid 
will  become  uniformly  clouded  and  of  a  pale  straw  color  within 
twenty-four  hours.  The  surface  is  covered  with  a  delicate,  whitish, 
wrinkled  membrane,  which  pushes  its  border  for  a  short  distance  up 
the  sides  of  the  tube.  Violent  shaking  causes  the  membrane  to  mass 
together  and  subside ;  it  is,  however,  replaced  by  another  within 
twenty-four  hours.  The  color  of  the  turbid  liquid  becomes  orange 
with  a  greenish  tint  in  several  da^^s.  After  one  or  two  weeks  the  sus- 
pended matters  slowly  subside,  and  the  termination  of  growth  is 
indicated  by  a  limpid  condition  of  the  liquid  which  has  meanwhile 
deepened  in  color  and  in  a  month  or  six  weeks,  becomes  amber. 
The  deposit  in  the  bottom  of  the  tube,  observable  after  the  first  day, 
increases  to  the  end  of  growth. 

These  liquid  cultures  afford  the  best  means  for  the  more  detailed 
examination  of  the  pigment.     They  show  that  the  bacillus  is  chro- 

A.  ▲.  A.  8.,  VOL.  XXXIV.  20 


306  8RCTION   F. 

mogenous,  and  that  the  pigment  produced  is  sohible  in  the  culture 
liquid.  They  also  point  out  that  it  is  aerobic,  since  it  grows  dur- 
ing a  portion  of  its  vegetative  state  on  the  surface  of  the  liquid. 
The  liquid  media  employed  were  slightly  alkaline  infusions  of 
meat.  The  reaction  at  the  end  of  several  weeks  was  strongly 
alkaline.  Several  cultures  made  in  a  3  per  cent  solution  of  Liebig's 
meat  extract,  sp.  gr.  1.0116,  not  neutralized  and  therefore  mark- 
edly acid,  were  found  strongly  alkaline  after  a  month.  Tliis  would 
indicate  that  the  bacillus  is  capable  of  flourishing  in  moderately 
acid  media  and  produces  an  alkaline  condition  of  those  media.  In 
connection  with  these  facts,  it  was  also  noticed  that  the  solution 
of  meat  extract  was  quite  viscid  throughout  and  that  the  deposit 
in  the  bottom  had  the  ropiness  of  white  of  egg.  Whether  this 
condition  was  due  simply  to  the  enormous  multiplication  of  the 
bacilli,  to  the  degeneration  of  their  substance,  or  to  the  formation 
of  gelatinous  envelopes,  cannot  be  said.  The  second  suppositiou 
seems  the  most  plausible. 

Cultivation  in  milk.  The  multiplication  of  this  bacillus  in  milk 
presents  man}*^  peculiar  phenomena.  The  milk,  sterilized  b}'  discon- 
tinuous boiling  and  inoculated  from  a  pure  culture,  shows  after 
thirty-six  to  forty-eight  hours,  a  narrow  zone  of  clear  liquid  grad- 
ually growingdeeper,  beneath  the  surface  layer  of  cream.  The  casein 
is  evidently  precipitated  and  subsiding.  Within  four  or  five  days  a 
quantity  of  milk,  about  5  cm.  deep,  will  present  the  following  layers  : 
on  the  surface,  a  whitish,  flaky  layer  intermixed  with  oil-globules, 
about  ^  cm.  deep  ;  beneath  this  a  clear  watery  liquid  tinged  yellow, 
about  2^  cm.  deep ;  below  this,  a  semi-translucent,  gelatinous 
material  about  j-  cm.  thick  ;  and,  finally,  in  the  bottom  of  the  tube, 
a  white,  flaky  deposit  1^  cm.  thick,  representing  the  remaining 
casein.  The  later  changes  consist  chiefly  in  an  increase  of  the 
liquid  at  the  expense  of  the  solid  matter.  The  liquid,  at  first 
colorless,  becomes  light  yellow,  finally  yellowish-red.  The  reac- 
tion becomes  markedly  alkaline  in  a  few  days.  It  seems  prob- 
able that  the  changes  above  described  may  be  interpreted  by 
assuming  that  the  casein  is  at  first  precipitated,  then  slowly  pep- 
tonized and  dissolved,  the  gelatinous  layer  being  an  intermediate 
form  of  the  casein  before  final  solution. 

It  was  in  connection  with  the  peculiarities  of  the  milk  culture 
that  our  attention  was  called  to  Schroter's  investigations  of  pig- 
ments formed  by  bacteria.    (Beitrage  zur  Biologic  der  Pflanzen,"  I, 
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1,2,  p.  120.)     He  found  milk  turning  yellow  spontaneously  and' 
undergoing  changes  very  similar  to  tliose  just  described.     The  be- 
)^  havior  of  the  pigment  towards  chemical   reagents  diflfered  very 

I  little  from  that  of  the  bacillus  under  consideration.     Yet  the  de- 

I  scription  of  the  bacillus  is  so  meagre,  and  pure  cultures  were  not 

obtained,  that  we  prefer  to  keep  the  two  species  apart  until  the 
bacterium  of  yellow  milk,  Bacterium  synxanthum^  shall  be  described 
and  studied  according  to  present  accepted  methods  and  from  cases 
of  yellow  milk  arising  spontaneously. 

Tube  cultures  in  nutritive  gelatine  are  quite  characteristic  and 
deserve  a  careful  description.  Yet  the  want  of  accompanying 
illustrations  makes  this  a  task  of  doubtful  utility.  Wo  shall 
simply  point  out  the  most  salient  features.  If  a  needle  charged 
with  bacilli  be  pushed  into  nutritive  gelatine  contained  in  a  cult- 
ure tube,  the  track  of  the  needle,  at  the  end  of  twenty-hours,  will 
be  indicated  below,  by  a  number  of  opaque  points,  the  centres  of 
,  growth  of  the  individual  bacilli ;  above,  by  a  slender  inverted  cone, 

-^  its  base  coinciding  with  the  surface  of  the  gelatine.     The  cone 

represents  the  space  liquefied  by  the  bacilli.  It  grows  both  later- 
ally and  downwards  and  graduall}'  invades  the  Isolated  colonies- in 
the  lower  portion  of  the  needle  track  until  the  major  part  of  the 
gelatine  has  been  reduced  to  a  fluid  condition.  At  this  stage,  a 
whitish  membrane  forms  on  the  surface,  the  fluid  condition  of  the 
gelatine  permitting  the  motile  bacilli  to  rise.  The  liquid  gelatine 
assumes  a  lemon  yellow  tint,  which  gradually  deepens  until  growth 
ceases.  Space  forbids  us  to  enter  into  any  of  the  minor  features 
which  characterize  the  culture  of  this  bacillus. 

Serum  culture.  Coagulated  blood  serum  is  likewise  slowly  liq. 
uefied  from  above  downwards;  the  liquid  portion  assumes  a  deep 
olive  green  color  and  is  topped  by  a  brittle,  whitish  membrane. 
Cultivated  on  agar-agar^  the  bacilli  do  not  multiply  beneath  the 
surface  but  spread  out  upon  it  in  a  thin  grayish  layer  with  a  traiis- 
^  lucent  margin.     Within  a  few  days  the  agar-agar  around  the  growth 

becomes  deepl}'  tinted.  After  several  weeks  the  entire  mass  of 
agar-agar  is  tinted  lemon  yellow.  The  tint  is  even  communicated 
to  the  water  of  condensation  present. 

We  shall  be  forced  to  pass  over  the  description  in  detail  of  the 
cultivation  of  this  bacillus  on  potato,  and  simply  mention  the  fact 
that  the  color  of  the  patch,  at  first  brick-red,  changes  within  a  week 
into  a  dark  green,  while  the  mass  itself  becomes  very  gelatinous. 
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Coloring  matter.  The  cultures  in  the  various  media,  just  de- 
scribed, besides  offering  many  diagnostic  points,  reveal  not  only 
an  active  chromogenous  function  but  also  certain  )>eptonizing  pow- 
ers. Its  action  on  boiled  fibrin,  casein  and  egg-albumen  have  not 
been  attempted  for  want  of  time.  A  few  facts  concerning  the  pig- 
ment itself  have,  however,  been  ascertained.  It  is  most  readily 
obtained  from  cultures  in  milk  or  meat  infusion  by  evaporating  to 
dryness  over  a  waterbath,  removing  the  fat  of  the  milk  with  ether, 
redissolving  in  distilled  water  and  filtering.  A  perfectly  clear  fil- 
trate is  thus  obtained  containing  the  pigment  in  solution  which  may 
then  be  examined  chemically  and  spectroscopically.  The  color  of 
the  solution  varies,  according  to  the  amount  of  concentration, 
from  an  orange  or  yellow  to  a  deep  amber. 

The  pigment  is  insoluble  in  absolute  alcohol  and  ether,  neither 
of  which  takes  up  any  after  all  water  has  been  driven  off  by  evap- 
oration. The  aqueous  solution  is  nearly,  but  not  entirely,  decolor- 
ized by  the  addition  of  a  large  quantity  of  concentrated  nitric  or 
hydrochloric  acid.  The  original  strength  of  color  returns  however, 
if  the  acid  be  neutralized  with  an  alkali,  such  as  potassium  hydrate 
or  ammonia.  Schrotcr's  (I.e.)  results  thus  far  coincide  very 
closely  with  our  own  ;  but  he  states  that  the  color  produced  by  the 
bacterium  of  yellow  milk  disappears  when  a  very  small  quantity 
of  a  mineral  acid  is  added.  In  the  above  experiments  a  large 
quantity  of  acid  was  necessary.  lie  also  speaks  of  its  resemblance 
to  an  aniline  yellow.  Of  several  related  aniline  colors,  we  found 
that  napthol  yellow  was  soluble  in  water  but  insoluble  in  absolute 
alcohol.  Its  depth  of  color  was  also  considerably  reduced  by  acids 
and  restored  by  alkalies.  It  cuts  off  the  blue  end  of  the  spectrum 
very  sharply  as  far  as  61  of  the  scale,  but  has  no  absorption  bands. 
The  spectrum  of  the  bacillar  pigment  likewise  presents  no  absorp- 
tion bands.  In  layers  1 .5  to  2  cm.  deep,  all  the  blue  end  of  the 
spectrum  as  far  as  51  of  the  scale  (including  a  portion  of  the 
green)  is  intercepted.  These  resemblances  do  not  warrant  any 
conclusions  as  to  the  identity  of  the  two  pigments.  In  all  the 
cultures  which  have  been  examined,  both  in  fluid  and  in  solid 
media,  a  peculiar,  characteristic  odor  always  manifested  itself, 
somewhat  like  that  emitted  from  molten  glue.  No  putrefactive 
or  offensive  odor  was  ever  encountered  in  any  pure  culture. 

A  number  of  cultures  were  made  to  determine,  if  possible,  the 
behavior  of  the  bacillus  in  impure  cultivations.     In  every  case  the 
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bacillus  actively  multiplied,  as  indicated  by  the  pronounced  color- 
ation of  the  fluid  within  a  few  days,  whether  the  various  bacteria 
were  sown  together  in  approximately  the  same  quantity  or  whether 
the  bacilli  were  reduced  to  -yj^  the  number  of  the  other  bacteria. 
Even  when  the  fluid  had  been  rendered  turbid  by  other  bacteria  for 
16  hours,  the  addition  of  a  drop  from  a  pure  culture  of  the  bacillus 
produced  the  characteristic  color.  It  would  seem,  therefore,  that 
the  presence  in  a  mixed  liquid  culture  of  this  bacillus  is  readily 
recognizable.  The  advantages  arising  from  the  use  of  a  bacillus 
with  such  properties  in  many  experiments  need  not  be  insisted 
upon,  and  we  hope  that  the  study  of  this  microbe,  when  completed, 
ma}'  serve  other  useful  purposes  in  the  comparatively  untrodden 
field  of  bacteriology. 
This  bacillus  appears  to  have  no  pathogenic  eflects. 


The   importance  of  individual   facts  of  environment  in  the 

FORMATION   OF   GROUPS    OP    ANIMALS.       By   Prof.   J.  B.  StEERE, 

University  of  Michigan,  Ann  Arbor,  Mich. 

The  close  connection  between  living  animals  and  their  surround- 
ings is  generally  recognized  and  admitted,  as  well  by  those  be- 
lieving in  creation  by  design  as  by  those  holding  to  evolution. 

This  relationship  is  usually  restricted  to  species  and  supposed  to 
consist  in  a  fitness  of  the  specific  structure  to  the  general  sur- 
roundings. 

The  natural  divisions  of  the  primary  types  or  branches  of  ani- 
mals are  related  to  individual  facts  of  environment  now  existing 
or  having  existed,  and  this  is  as  true  of  the  more  fundamental  and 
comprehensive  as  of  the  smaller. 

No  connection  of  the  types  or  branches  of  animals  with  special 
facts  of  environment  is  observable. 

The  facts  of  environment  are  too  numerous  and  too  incompati- 
ble, for  any  one  form  of  life  to -become  related  to  all  of  them. 

If  all  organisms  were  related  to  all  the  facts  of  environment 
and  in  the  same  degree,  then  all  organisms  would  be  alike. 

Organisms  differ  as  they  become  related  to  different  facts  of  en- 
vironment, and  because  they  are  so  related. 

The  facts  of  environment  differ  among  themselves  in  their  rela- 
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live  value   and   also  in   their  special  importance  to   any  given 
organism. 

The  facts  of  environment  differ  in  kind  as  well  as  in  value. 

The  facts  of  environment  differing  indefinitely  in  kind  and  value, 
the  groups  of  animals  founded  upon  them  vary  indefinitely  and  al- 
low of  no  symmetrical  classification  ;  classes,  orders,  etc.,  have  no 
existence  in  nature. 

In  general  those  facts  of  environment  which  are  known  to  have 
existed  before  the  creation  of  life  and  ever  since,  have  pro<luced 
the'^deopest  and  most  lasting  modifications  and  divisions  such  as 
classes  and  orders.  Those  facts  which  are  and  have  been  in  a  state 
of  cliange  are  related  to  those  divisions  which  are  in  the  most 
rapid  process  of  creation  and  destruction,  as  varieties  and  species. 

The  classes  of  vertebrates  are  related  to  the  distinct  horizons 
capable  of  being  occupied  b^'  the  t3'pe. 

There  are  five  of  these  :  1st,  water,  occupied  by  fishes  ;  2nd, 
the  shallow  border  between  land  and  water,  occupied  by  amphibia ; 
3d,  the  surface  of  the  earth,  occupied  by  reptiles ;  4th,  the  trees 
and  the  horizon  immediatel3'^  above  the  reptiles,  by  mammals,  and 
5th,  the  air,  occupied  by  birds. 

Articulates  are  related  to  nearly  the  same  set  of  facts. 

The  molluscan  t3*pe  being  from  its  nature  almost  limited  to 
water,  the  chief  facts  bearing  upon  the  type  are  the  different  hor- 
izons in  tiie  water,  the  lamellibranchs  being  buried  beneath  the  sur- 
face of  the  bottom,  the  gastropods  crawling  over  this  surface,  the 
cephalopoda  swimming. 

The  classes  would  seem  to  owe  their  division  into  the  second aiy 
groups  usually  called  orders,  to  facts  of  environment  which  owe 
their  special  importance  to  their  connection  with  the  special  struc- 
ture of  the  class.  As  an  example  of  this,  the  mammalian  ty|)e 
being  developed  with  masticating  teeth  and  narrow  mouth  and 
prehensile  fore-limbs,  foods  assumed  the  first  im()ortnnce  in  the 
formation  of  mammalian  orders,  thouirh  of  but  little  value  in 
classes  with  wide  mouths  and  non-prehensile  fore-limbs. 

Facts  of  environment,  which  were  of  primary  importance  in 
the  formation  of  classes,  may  appear  again  in  a  secondary  way  in 
the  division  of  classes  into  ordei-s,  and  this  even  to  the  extent  of 
antagonizing  the  class  fact.  Examples:  bats,  seals  and  whales, 
swimming;  and  wadin^:  birds. 

Tliese  primary  facts  may  appear  again  and  again  until  they  may 
become  the  modifying  fact  with  a  species  or  variety. 
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Orders  would  seem  to  be  usually  divided  into  families  and  fam- 
ilies into  genera,  etc.,  upon  the  same  general  ground  as  classes 
are  divided  into  orders.  Each  group  would,  from  its  special  struct- 
ure, come  into  peculiar  relations  to  a  special  set  of  facts.  An  ex- 
ample of  this  is  found  in  the  order  Rodentia,  fitted  especially  for 
hard  foods.  This  order  would  be  influenced  in  its  division  into 
families  by  the  different  locations  of  the  general  Rodent  food 
and  by  tlie  secondary  divisions  of  the  food  itself,  made  upon  its 
character.  Such  families  as  the  Sciuridse,  Leporidse,  Muridse, 
etc.,  result. 

The  characteristics  of  any  given  animal  will  consist  of  its  type 
or  branch  character,  plus  all  the  characters  gained  by  it  in  becom- 
ing fitted  to  the  various  facts  concerned  in  forming  its  class,  order, 
family,  etc. 


Oroakizatioh  and  drath.      By  Dr.  Charles  Sedgwick  Minot, 
Harvard  Medical  School,  Boston,  Mass. 

[abstract.] 
In  a  communication  presented  last  ^'^ear  it  was  shown  that  the 
organism,  whether  plant  or  animal,  undergoes  progressive  decay, 
which  begins  probably  at  the  moment  of  its  creation.  The  object 
of  the  present  paper  is  to  point  out  that  the  decay  and  organiza- 
tion of  the  individual  proceed' pan  passu,  and  that  whenever  de- 
velopment is  begun  the  tissues  always  assume  the  undifferentiated 
and  embryonic  form.  This  is  shown  to  be  the  case  in  all  Metazoa, 
so  that  a  correlation  is  established  between  the  degree  of  organiza- 
tion and  the  rate  of  growth,  and  hence  is  established  the  hypothe- 
sis that  organization  stops  growth,  or  in  other  words,  causes  the 
decay  of  the  organism,  and  hence  perhaps  death.  Death  may  then 
be  the  price  of  organization  and  the  lowest  organism  may,  perhaps, 
never  have  natural  death. 


A  NEW  MEMBRANE   OF   THE   HUMAN   SKIN.      By  Dr.    ChARLES    SeDG- 

wiCK  MiNOT,  Harvard  Medical  School,  Boston,  Mass. 

[abstract.] 
In  the  human  foetus  there  is  a  layer  of  large  cells  outside  the 
horny  layer  and  entirely  distinct  from  it.  This  layer  is  homolo- 
gous with  the  epitrichium  of  the  Sauropsida,  and  covers  also  the 
hairs  and  glands.  Its  presence  probably  accounts  for  the  retention 
or  the  sebaceous  secretion  to  form  the  so-called  vei-nix  caseosa. 
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The  structure  of  the  human  placenta.    By  Dr.  Charles  Sedg- 
wick MiNOT,  Harvard  Medical  School,  Boston,  Mass. 

[abstract.] 

The  human  placenta  consists  of:  l,the  amniotic  epithelium; 
2,  the  amniotic  connective  tissue  ;  3,  the  stroma  of  chorion  ;  4,  the 
cellular  layer ;  5,  the  fibrine  layer ;  6,  the  villi ;  7,  the  chorionic 
epithelium,  and  8,  the  serotina. 

The  structure  and  origin  of  these  layers  were  described  in  de- 
tail. It  was  further  shown  that  there  is  no  intergrowing  of  the 
maternal  and  foetal  tissues,  and  that  the  placenta  is  mainly  fcetal, 
and  the  intervillous  spaces  bounded  only  by  foetal  tissue. 


Morphology  of  the  supra-renal  capsules.     By  Dr.  Charles 
Sedgwick  Minot,  Harvard  Medical  School,  Boston,  Mass. 

[ABSTRACT.] 

Balfour  and  his  scholars  have  maintained  the  theory  of  the 
double  origin  of  the  supra-renal s.  Examination  of  the  human 
foetal  capsule  renders  itdifBcult  to  accept  this  view  since  the  whole 
structure  is  similar  throughout.  There  are  masses  and  cords  of 
cells,  which  are  in  radial  lines  externally  but  more  irregular  in- 
ternally, but  the  cells  of  tlie  cortex  and  medulla,  both  present  in 
a  six  months'  foetus  a  s'milar  and  very  remarkable  appearance,  so 
that  it  is  difficult  to  admit  that  they  are  two  distinct  tissues  of  two 
distinctorigins.  The  histological  character  of  the  parenchyma  was 
described  and  illustrated  in  detail.  Blood  vessels  run  down  from 
the  cortex  in  nearly  straight  lines  and  perpendicular  to  the  sur- 
face of  the  organ,  but  forming  occasional  anastomoses.  In  the 
medullary  portion  the  blood  vessels,  which  are  continuous  with, 
and  of  the  same  character  as  those  of  the  vortex,  run  irregularly. 
The  spaces  between  the  vessels  are  all  filled  chiefly  b}*  supra-renal 
cel\s,  and  there  is  no  possible  demarcation.  The  medullary  cells 
are  unlike  the  cortical ;  but  earlier  the  cortical  cells  have  the  same 
character  as  the  medullar}^  being  lai^e  and  irregular  in  size. 
The  change  into  small  cells  begins  peripherically  and  spreads 
towards  the  centre,  and  ultimately  the  cells  of  the  meiluUa  also 
alter  becoming  like  the  previously  changed  cells  of  the  cortex. 
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With  a  knowledge  of  tlicse  facts  it  becomes  impossible  to  accept 
Balfour's  theory  until  the  difficulties  it  now  encounters  shall  have 
been  obviated. 


Evolution  op  the  lungs.      By  Dr.  Charles  Sedgwick  Minot, 
Harvard  Medical  School,  Boston,  Mass. 

[ABSTRACT.] 

The  object  of  this  paper  was  to  suggest  that  the  lungs  have 
been  evolved  by  the  modification  of  a  pair  of  gill  pouches,  which  do 
not  break  througli  in  the  neck,  but  grow  down  into  the  tliorax. 

This  hypothesis  is  based  upon  the  fact  that  the  lungs  arise  di- 
rectly behind  the  true  gill  pouches  and  in  the  same  manner,  as  if 
they  were  serially  homologous  with  the  gills,  and  secondly  upon 
the  fact  that  the  alveoli  of  the  lung  grow  out  very  much  as  do  the 
alveoli  of  the  thyroid  glands  from  the  gill  clefts  from  which  they 
arise. 


Experiments  antagonizing  the  view  that  the  serrula  (ser- 
rated appendages)  of  Amia  are  accessort,  respiratory 
ORGANS.  By  Prof.  Burt  G.  Wilder,  Cornell  University, 
Ithaca,  N.  Y. 

A  PAPER^  presented  by  me  before  this  Association  in  1876  con- 
tained the  first  figures  and  extended  description  of  the  serrated 
appendages  of  the  throat  of  Amia  with  references  to  earlier  no- 
tices of  them. 

I  now  propose  to  replace  the  English  dionym  by  the  Latin  mon- 
onym  sentUa  and  to  designate  the  cephalic  or  anterior  by  pi'ceaer- 
Ttda^  the  caudal  or  posterior  by  postserrvla.  The  former  is  wholly 
attached  to  the  skin  ;  the  latter  is  the  longer  and  projects  freely 
caudad  for  the  greater  part  of  its  length. 

In  the  paper  just  mentioned  I  expressed  the  belief  that  their 
flexibility  and  their  relations  to  other  parts  afforded  no  ground  for 
regarding  them  as  performing  any  function,  but  that  they  are  rem- 
nants of  organs  which  were  better  developed  and  probably  useful 
in  some  earlier  form. 

^  See  list  at  the  end  of  this  paper. 
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In  1884,  Sagemehl  suggested,  upon  purely  anatomical  grounds, 
that  these  appendages,  which  he  named  flabella^  might  be  kept  in 
constant  motion  and  thus  serve  to  aerate  the  water  when  in- 
sufficiently supplied  with  oxygen. 

Later  in  the  same  year,  my  friend,  Prof.  R.  Ramsay  Wright 
from  observations  both  anatomical  and  experimental,  concluded 
that,  In  the  absence  of  the  ordinary,  opercular,  dilator  muscles, 
the  free  end  of  the  postserrula  may  serve  to  push  the  operculum 
away  from  the  head  so  as  to  facilitate  the  escape  of  the  respired 
water  from  the  branchial  cavity. 

Notwithstanding  my  confidence  in  the  accuracy  of  Prof.  Wright's 
observations  and  my  respect  for  his  opinion,  I  have  not  felt  satis- 
fied with  this  disposal  of  the  subject.  With  the  cooperation  of  my 
colleague.  Prof.  S.  H.  Gage,  and  Mr.  F.  L.  Kilborne,  the  following 
experiments  were  made  in  order  to  reopen  the  case  and  encourage 
further  investigations. 

Experiment  1,  Feb.  26,  1885.  A  medium  sized,  vigorous  Amia 
was  rolled  up  in  a  wet  towel.  The  left  opercle  was  lifted  with  a 
finger  and  the  free  portion  of  the  postserrula  cut  off  with  scissors. 
Tliere  was  no  bleeding  or  evidence  of  pain. 

After  the  fish  had  regained  its  equanimity  in  water,  a  trained 
observer,  who  did  not  know  what  had  been  done,  was  asked  to  look 
at  it  from  above  and  describe  any  difference  that  might  exist  be- 
tween the  opercular  movements  of  the  two  sides.  He  said  he  was 
not  sure  there  was  any  difference,  but  if  either,  the  left  opercle 
opened  the  wider;  this  was  just  the  reverse  of  what  would  occur 
if  it  were  pushed  open  by  the  postserrula  and,  so  far  as  I  could  see, 
there  was  no  difference  at  all. 

The  fish  was  then  placed  in  a  long  jar  of  water  which  was  held 
liorizontally  over  the  observer's  head.  During  the  exit  of  the 
water  from  the  branchial  cavity  the  right  postserrula  could  be  seen 
plainly ;  very  slight  movements  were  noticed,  such  as  might  be 
caused  b}^  the  flow  of  water  or  the  general  action  of  the  throat,  but 
the  postserrula  was  never  in  contact  with  the  opercle. 

Experiment  2,  May  5,  1885.  In  order  to  expose  the  nght  post- 
serrula completely  and  yet  avoid  even  the  appearance  of  a  painful 
operation,  the  same  Amia  was  placed  on  a  wet  towel  in  the  anses- 
thetic  box  and  subjected  to  the  vapor  of  ether,  25  cc,  and  chloro- 
form, 5  cc.  Anaesthesia  was  complete  in  eleven  minutes.  In 
fifteen  minutes  more  the  fish  was  trephined  between  the  eyes,  the 
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prosencephal  (cerebrum) removed  and  the  orifice  closed  with  a 
rubber  cork.  The  opercular  movements  recommenced  in  six 
minutes  after  it  was  restored  to  the  water  and  soon,  but  for  tlie 
evident  absence  of  volition  and  presumably  of  consciousness,  the 
Amia  was  in  its  normal  condition. 

While  resting  quietly'  in  water  and  apparently  breathing  natu- 
rally, the  fish  was  carefully  observed  by  thirteen  special  students. 
Seven  thought  the  right  opercle  opened  the  wider,  and  six  the  left ; 
none  were  very  positive  as  to  there  being  any  difference. 

The  right  opercle  was  then  cut  off  with  scissors.  With  each  exit 
of  the  respired  water  there  were  the  slight  movements  of  the  post- 
serrula  mentioned  in  experiment  1,  but  none  which  could  possibly 
be  supposed  to  either  agitate  the  water  or  open  the  opercle,  even 
were  the  postserrula  stiff  instead  of  yielding. 

From  the  foregoing  observations  I  conclude : 

I.  The  opercular  movements  are  wholly  independent  of  the  post- 
serrula. 

II.  The  serrulae  are  atelec  or  functionless  organs  worthy  of  fur- 
ther embryological  and  palseontological  enquiry. 

Useful  organs  are  common  enough.  The  morphological  signifi- 
cance of  useless  organs  is  so  great  that  their  number  should  not  be 
diminished  through  error  of  observation  or  interpretation. 
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Aquatic  respiration  in  soft-shelled  turtles  (Ahyda  mutica  and 

ASPIDONECTES  SPINIKER)  ;    A  CONTRIBUTION   TO  THE  PHYSIOLOGY 
OF    RESPIRATION   IN   VERTEBRATES.      B}'  Pl'Of.    SiMON    H.    GaGE 

and  Susanna  Phelps  Gage,  Cornell  Universit}^  Ithaca,  N.  Y. 

[ABSTRACT. »] 

It  was  formerly  supposed  that  in  all  reptiles  the  respiration  was 
exclusively  aerial  at  all  periods  of  their  life,  and  that  the  lungs 
were  the  only  respiratory  organs.  We  have  demonstrated,  how- 
ever, that  in  soft-shelled  turtles  (Amy da  and  Aspidonectes)  there 
is  in  addition  a  true  aquatic  respiration^  Tliis  is  indicated  by 
three  facts :  (A)  These  turtles  remain  most  of  tlie  time  in  water 
and  voluntarily  remain  entirely  under  from  two  to  ten  consecu- 
tive hours ;  (B)  while  under  water  they  fill  and  empty  the  mouth 
and  pharynx,  about  sixteen  times  per  minute,  by  movements  of 
the  byoid  apparatus,  the  general  appearance  being  like  the  respi- 
ratory movements  of  a  fish ;  (C)  the  mucous  membrane  of  the 
pharynx  is  closely  beset  with  filamentous  processes,  appearing 
like  the  villi  of  the  small  intestine  of  a  mammal  or  the  gill  fila- 
ments of  Necturus.  These  processes  are  especially  numerous 
along  the  hyoid  arches  and  around  the  glottis,  and  are  copiously 
supplied  with  blood .3 

But  neither  the  time  the  turtles  remain  under  water,  the  forcing 
of  water  into  and  out  of  the  mouth  and  phaiynx,  nor  even  the  struc- 
ture of  the  parts  proves  that  aquatic  respiration  occurs.     Final 

>  A  preliminary  pnper  upon  the  Respiration  of  Aspidonectes  was  pi*esented  to  the 
A.  A.  A.  S.  by  the  senior  author  in  1883  and  printed  on  p.  316  of  the  Proceedings  (Vol. 
zxxii). 

9  So  far  ns  we  know  bat  two  original  observations— besides  that  mentioned  in  note 
one— have  been  previously  made  upon  the  Trionyci<laB  bearing  upon  the  subject  of  this 
paper :  ( A)  In  Feb.,  1856,  Dr.  A.  Sager  called  attention  to  the  processes  in  the  pharynx  of 
Aspidonectes  and  compared  them  in  appearance  witli  the  gill  filaments  of  Necturus  and 
the  inner  gills  of  Tnilpoles.  (1$)  Prof.  L.  Agnsi^iz  in  part  second  of  the  "Contributions  to 
North  American  ZoOlogy,"  p.  284,  says:  ^-Before  reading  tliis  paper  [Dr.  Sager'n]  we  had 
noticed  these  organs  [processes  in  the  pharynxl ;  but  after  seeing  this  turtle  [Aspidonec- 
tes] remaining  under  water  for  full  halfan  hour  without  showing  the  leas^t  sign  of  oppres- 
sion it  seems  plausible  to  assume  that  these  fringes  may  be  similar  to  the  internal  gills 
of  TndpoIcK,  not  only  in  their  shape  but  also  in  their  function.  There  exiets,  more- 
over, an  extensive  network  of  beautiful  vessels  spreading  in  elegant  dendritic  ramifi- 
cations upon  tlie  whole  lower  surface  of  the  Trionycidse  which  can  hardly  have  another 
function  than  that  of  apsisting  in  the  process  of  breathing,  as  they  are  too  numerous 
and  too  large  to  be  considered  simply  as  nutritive  vessels  of  the  skin.  This  is  the 
more  probable  as  tliese  vessels  are  very  superllclal  and  are  only  covered  by  a  very- 
thin  epidi-rniis.  They  are  indeed  as  plainly  visible  tlirough  the  horny  layer  which  pro- 
tects them  n-i  the  vessels  of  any  special  external  breathing  organ.. 
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proof  of  this  is  only  obtained  by  comparing  the  free  gases  found 
in  water  witli  those  found  in  water  from-  tlie  same  source  after  a 
turtle  had  been  submerged  in  it  without  access  to  air.  Water  so 
tested  showed  in  one  case  that  a  turtle  weighing  one  kilo,  in  ten 
hours  removed  from  the  water  71  milligrams  of  free  oxygen  and 
added  to  it  231  milligrams  of  carbon  dioxide.  Several  other  de- 
terminations were  of  the  same  conclusive  character.^ 

This  Indicates  a  respiration,  for  the  same  body  weight,  about 
one-twentieth  of  that  occurring  in  man. 

As  indicated  b}'  the  figures  given  above,  the  carbon  dioxide  is 
greatly  in  excess  of  what  could  be  accounted  for  by  the  free  oxy- 
gen taken  from  the  water.  There  are  two  sources  from  which  the 
extra  oxygen  might  be  derived :  (A)  From  the  so-called  intra- 
molecular oxygen  stored  up  in  the  tissues,  and  (B)  from  the  air 
in  the  lungs.  Analysis  of  the  air  taken  from  the  lungs  after  the 
turtle  has  been  wholly  submerged  for  ten  hours  showed  only  a 
slight  trace  of  either  oxygen  or  of  carbon  dioxide.  From  this 
single  experiment  then,  we  should  conclude  that  if  the  lungs  were 
moderately  filled  with  air  upon  the  immersion  of  the  turtle,  tbe 
amount  of  oxygen  that  might  be  taken  from  the  air  in  tiie  lungs 
would  fully  account  for  the  excess  of  carbon  dioxide  found  in  the 
water.  That  the  respiration  is  due  almost  entirely  to  the  pharynx 
and  but  slightly  to  the  skin  is  shown :  (A)  by  anvesthetization, 
the  turtle  becoming  ansesthetized  four  or  five  times  as  quickly 
when  kept  entirely  submerged  in  etherized  water  as  when  allowed 
to  come  to  the  surface  as  frequently  as  it  desired  ;    (B)  when  the 

.  >  The  following  table  sliowa  the  results  of  three  analyses.  In  the  first  column  is 
given  the  totnl  Amount  of  Tree  oxygen  taken  from  the  water  (10  litres)  in  tliu  ten  hours 
by  a  turtle  weighing  1  kilogram.  The  second  column  contains  tlie  quantity  of  carbon 
dioxide  that  could  be  formed  from  this  oxygen ;  and  the  third  column  contains  the  act- 
ual  amount  of  carbon  dioxide  added  to  the  water  by  the  turtle,  the  excess  of  which, 
over  the  amount  that  could  be  formed  fiom  the  oxygen  taken  from  the  water,  is  given 
in  the  fourth  column. 


July  11    . 

71  mg. 

97  6-8  mg. 

281 

mg. 

133  3-8 

mg. 

Aug.  8    . 

32    ** 

44           " 

212.7 

c( 

1CW.7 

u 

Aug.  9    . 

89    " 

53  ft-8    « 

1(».7 

«« 

115  3-40 

11 

The  determinations  were  made  with  the  greatest  care  and  accuracy  by  Professors 
Bich  and  Holtonin  the  chemical  laboratoi-y  of  Cornell  University. 
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turtle's  skin  was  completely  covered  with  vaseline  and  the  turtle 
kept  wholly  submerged,  the  amount  of  oxygen  removed  from  the 
water  and  of  carbon  dioxide  added  thereto  was  nearly  as  great  as 
when  the  skin  was  unvaselined. 

In  some,  at  least,  of  the  hard-shelled  turtles  (Chelydra  and 
Chrysemys)  similar  movements  of  the  hyoid  apparatus  occur  when 
they  are  submerged,  and  water  was  seen  to  enter  the  nostrils  and 
be  expelled  therefrom  as  in  soft-shelled  turtles. 

The  pharynx  expands  and  contracts  with  considerable  regularity 
in  all  of  the  turtles,  so  far  as  we  know,  when  they  arc  in  the  air. 
These  movements  appear  like  those  of  the  frog,  but  they  are  un- 
necessary for  filling  the  lungs.  In  frogs,  however,  they  are  nec- 
essary for  this  purpose,  although,  as  shown  by  Townson  (1794),  the 
pharyngeal  movements  often  occur  in  frogs  without  any  air  being 
forced  into  the  lungs. 

As  these  movements  are  of  undoubted  use  in  respiration  for  the 
soft-shelled  turtles  in  water,  it  seems  probable  tliat  they  may  be 
of  use  in  respiration  for  all  turtles  in  the  air  ;  that  is,  the  membrane 
lining  the  phar3'^nx  probably  acts  as  a  respiratory  organ  whether 
the  medium  bathing  it  aud  containing  free  oxygen  be  air  or 
water. 

These  movements  and  their  object,  respiration,  then  seem  to 
connect,  physiblogically  at  least,  the  turtles  on  the  one  hand  with 
the  lower  vertebrates,  amphibia  and  fishes,  and  on  the  other  hand 
with  the  higher  forms,  viz.,  dog  and  man,  for  Garland  has  shown 
that  in  the  dog  and  also  in  man  occur  rhythmical  pharyngeal  move- 
ments which  draw  air  into  the  pharynx  and  expel  it  whenever 
there  is  a  condition  approaching  asphyxiation.  It  seems  as 
though  these  pharyngeal  movements  reappear  in  the  highest  forms 
when  the  want  of  oxygen  becomes  overwhelmingly  great,  as  if 
there  were  an  organic  memory  of  the  means  by  which,  in  the 
dim  past,  the  want  was  supplied. 


Biological  deductions  from  a  comparative  study  of  the  in- 
fluence OF  cocaine  and  atropine  on  tub  organs  of  cir- 
culation.   By  Dr.  H.  G.  Betbr,  U.  S.  Navy. 

[ABSTRACT.  1 

These  deductions  are  considered  of  sufficient  importance  to  be 
brought  before  you,  for  the  reason   that  they  touch  upon  the  com- 
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plex,  but  deeply  inte resting  and  Instructive  problem  of  the  inner- 
vation of  tlie  vertebrate  heart.  The  heart  is  a  compound  organ 
consisting  of  muscular,  nervous  and  connective  tissue.  No  study 
of  the  action  of  any  drug  upon  the  heart  can  be  considered  com- 
plete, unless  the  natiiVe  of  the  action  of  such  a  drug  upon  each 
of  these  different  elements  composing  the  heart  is  clearly  made 
out.  The  extreme  difficulty  of  this  problem,  however,  is  vei-y  ap» 
parent  to  you,  even  without  my  attempting  to  go  into  the  histori- 
cal details  of  the  controversy  between  the  best  physiologists  with 
regard  to  the  action  upon  the  heart  of  even  the  best  known  drugs. 
With  regard  to  the  action  of  atropine  upon  the  heart,  it  is  the 
opinion  of  Schmiedeberg,  Harnack  and  others  that  it  produces 
paralysis  of  the  vagus  endings  within  the  heart,  thus  causing 
acceleration  and  augmentation  ;  muscarine,  in  their  opinion,  stim- 
ulates these  same  nerve-endings,  thus  producing  diastolic  arrest. 

Bowditch,  as  long  ago  as  1871,  and  more  recently  Gaskell  and 
Ransom  have  come  to  the  conclusion  that  atropine  stimulates  the 
muscular  substance  and  that  the  augmentation  it  produces  on  the 
heart's  action  is  due  to  that  influence  and  not  to  a  paralysis  of  the 
vagus  endings.  Recently,  Amalie  Glouse,  in  her  inaugural  thesis, 
gives  an  account  of  some  experiments,  made  in  the  laboratory  of 
Professor  Luchsinger  at  Born,  which  tend  to  prove  almost  con- 
clusively that  muscarine  paralyzes  the  heart-muscle,  instead  of 
stimulating  the  vagus  endings,  and  that,  therefore,  the  diastolic 
arrest  it  produces  is  due  to  its  paralyzing  influence  on  the  cardiac 
muscle  and  not  to  its  stimulating  influence  on  the  vagus  endings. 
In  other  words,  the  antagonistic  action  of  atropine  and  musca- 
rine with  reference  to  the  heart,  according  to  Schmiedeberg,  Har- 
nack and  others  is  a  purely  nervous  phenomenon,  while,  according 
to  more  recent  and  equally  good  observers,  it  is  a  purely  muscular 
phenomenon.  From  our  last  winter's  work  on  the  action  of  co- 
caine, atropine  and  muscarine  on  the  heart,  we  are  enabled  to  add 
some  further  proof  to  the  muscular  nature  of  the  action  of  these 
drugs  on  the  heart,  and  at  the  same  time,  perhaps,  also  succeed 
in  indirectl}'  showing  that  atropine  and  cocaine,  instead  of  para- 
lyzing the  vagus  endings,  slightly  stimulate  them. 

Upon  the  flrst  admission  of  atropized  blood  into  the  isolated 
heart  of  the  frog  or  terrapin,  the  heart-muscles  preeminently  mani- 
fest the  action  of  some  powerful  stimulant.  After  a  while,  how- 
ever, there  arrives  a  stage  of  muscular  exhaustion  from  overstim- 
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prove  decisive,  but,  taken   in  conjunction  with  the  experiments 
briefly  alluded  to,  they  form  a  sort  of  crucial  test. 

We  may  now  formulate  our  conclusions  about  as  folllows,  viz. : 
muscarine  paralyzes  the  cardiac  muscle,  atropine  stimulates  the 
same ;  atropine  furthermore  has  a  slight  stimulatory  effect  upon 
the  vagus  endings  and  also  on  the  endings  of  the  accelerator-  or 
augmentor-nerves  of  the  heart.  Cocaine  affects  the  nerve-endings 
within  the  heart  in  the  same  manner  as  atropine  does,  but  unlike 
the  latter  has  no  stimulatory  action  on  the  muscular  substance  of 
the  heart. 


The  8TRCCTURE  OP  Glottidea  ptramidata  (Stim.)    Dall.     By 
Dr.  H.  G.  Beyer,  U.  S.  Navy. 

[abstract.] 

Glottidea  pyramidata  Dall  was  originally  described  by  Stim- 
son  under  the  name  of  Lingula  pyramidata.  Dall  found  that  it 
was  not  a  true  Lingula  of  which  latter  genus  he  8a3's,  no  speci- 
mens are  found  in  American  waters.  For  various  reasons,  he  gave 
it  the  name  of  Glottidea  pyramidata. 

1.  Shell'Structure.  This  consists,  as  in  the  true  Lingulas,  of 
alternating  calcareous  and  horny  layers  and  a  thin  cuticular  cov- 
ering, formerly  called  periostracum.  In  both  transverse  and  lon- 
gitudinal sections  we  find  that  the  horny  layers  of  the  shell  are 
continuous  with  the  supporting  layers  of  the  mantle  and  body-wall 
respectively  and  that  the  calcareous  la3'ers  are  structurally  contin- 
uous with  the  ectodermal  layers  of  these  two  organs.  The  calca- 
reous layers,  therefore,  have  probably  arisen  from  the  original 
ectodermal  covering  and  the  so-called  horny  layers  are  true  support- 
ing substance.  Both  horny  layers  of  the  shell,  and  supporting 
substance  of  mantle  and  body  wall,  stain  alike  and  with  equal  in- 
tensity. Embedded  within  the  substance  of  the  horny  layers,  we 
find  a  very  large  number  of  very  small  but  well  defined,  round,  little 
globules  identical  in  appearance,  described  as  occurring  in  the 
shell  structure  of  tcstlcardine  brachiopods,  in  which,  however,  they 
are  confined  to  the  vertical  septa,  which,  in  these,  start  directly  from 
the  supporting  substance  of  the  mantle  and  body-wall  respectively. 
Tlie  conclusion  to  which  we  have  come  with  regard  to  these  glob- 
ules, and  the  horny  layers,  was,  therefore,  very  near,  namely,  that 
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ulation,  and,  at  the  same  time,  there  appears  a  peculiar  dissociation 
of  rhythm  between  auricles  and  ventricles.  The  auricles  contract 
twice  or  three  times  to  tlie  ventricles  once  and  quite  independently 
of  each  other. 

The  dose  of  the  drug  may  be  so  graduated  that  this  peculiar 
rhythm  is  kept  up  for  any  lengtli  of  time  and,  after  the  heart  has 
recovered  under  normal  blood,  it  can  be  reproduced  many  times 
during  the  course  of  one  single  experiment.  How  are  we  to  ex- 
plain this  singular  phenomenon  ? 

In  one  of  the  Paris  hospitals,  in  the  service  of  Professor  Bou- 
det,  a  patient  came  under  observation  who  had  a  radial  pulse  of 
twenty-one  beats  per  minute,  the  auricles  beating  at  the  rate  of 
sixty-three  per  minute.  Professor  Chouveau  took  a  sphymo- 
graphic  tracing  of  this  patient  and  went  to  work  investigating  the 
pathogeny  of  this  condition.  By  dividing  one  of  tlie  pneumo- 
gastrics  in  a  dog  (?),  he  obtained  some  dissociation  of  rhythm; 
but,  by  slightly  stimulating  with  a  galvanic  current,  the  left  pneu- 
mogastric,  he  obtained  a  sphymographic  tracing  almost  identical 
with  that  which  he  had  taken  from  his  patient.  I  tliink,  therefore, 
that  it  is  not  at  all  improbable  that  the  dissociation  in  rhythm 
produced  by  atropine  is  due  to  a  slight  stimulatory  action  which 
it  exerts  on  the  vagus-endings  and  which  becomes  apparent  after 
the  muscular  substance  has  begun  to  show  signs  of  exhaustion. 
Now,  cocaine  produces  the  same  dissociation  of  rhj^thm,  but,  un- 
like atropine,  cocaine  produces  it  almost  at  once,  for  the  latter 
does  not  possess  any  stimulating  properties  on  muscular  tissue. 
The  s^'mpathetic  nerve-endings  are  equally  stimulated  by  these 
two  drugs,  since  the  work  done  by  tiie  heart,  at  this  stage  of  com- 
parative muscular  exhaustion  and  lowered  ventricular  rhythm,  is 
still  much  greater  than  under  normal  conditions. 

If  muscarine  produces  cardiac  diastolic  arrest  through  its  para- 
lyzing influence  on  the  muscular  substances,  and  atropine  and 
cocaine  affect  the  heart  in  every  respect  alike,  except  that  cocaine 
does  not  stimulate  the  muscle,  then  muscarine  must  produce  dias- 
tolic arrest  in  the  cocainized  heart,  although  it  does  not  so  in  the 
atropized  heart.  Muscarine  invariably  produces  diastolic  arrest 
in  the  cocainized  heart,  and  here  we  have  another  proof  of  the 
muscular  nature  of  the  atropine-muscarine  antagonism  as  man- 
ifested by  the  heart. 

These  experiments  alone  would,  of  course,  not  be  sufficient  to 
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prove  decisive,  but,  taken   in  conjunction  ^itb  the  experiments 
briefly  alluded  to,  they  form  a  sort  of  crucial  test. 

We  may  now  formulate  our  conclusions  about  as  foUlows,  viz. : 
muscarine  paralyzes  the  cardiac  muscle,  atropine  stimulates  the 
same ;  atropine  furthermore  has  a  slight  stimulatory  effect  upon 
the  vagus  endings  and  also  on  the  endings  of  the  accelerator-  or 
augmentor-nerves  of  the  heart.  Cocaine  affects  the  nerve-endings 
within  the  heart  in  the  same  manner  as  atropine  does,  but  unlike 
the  latter  has  no  stimulatory  action  on  the  muscular  substance  of 
the  heart. 


The  structure  op  Glottidea.  ptramida-ta  (Stih.)    Dall.     By 
Dr.  H.  G.  Beter,  U.  S.  Navy. 

[ABSTRACT.] 

Glottidea  pyramidata  Dall  was  originally  described  by  Stim- 
son  under  the  name  of  Lingula  pyramidata.  Dall  found  that  it 
was  not  a  true  Lingula  of  which  latter  genus  he  says,  no  speci- 
mens are  found  in  American  waters.  For  various  reasons,  he  gave 
it  the  name  of  Glottidea  pyramidata, 

1.  Shell-structure.  This  consists,  as  in  the  true  Lingulas,  of 
alternating  calcareous  and  horny  layers  and  a  thin  cuticular  cov- 
ering, formerly  called  periostracum.  In  both  transverse  and  lon- 
gitudinal sections  we  find  that  the  horny  layers  of  the  shell  are 
continuous  with  the  supporting  layers  of  the  mantle  and  body-wall 
respectively  and  that  tbe  calcareous  layers  are  structural!}'  contin- 
uous with  the  ectodermal  layers  of  these  two  organs.  The  calca- 
reous layers,  therefore,  have  probably  arisen  from  the  original 
ectodermal  covering  and  the  so-called  horny  layers  are  true  support- 
ing substance.  Both  horny  la^'ers  of  the  shell,  and  supporting 
substance  of  mantle  and  body  wall,  stain  alike  and  with  equal  in- 
tensity. Embedded  within  the  substance  of  the  horny  layers,  we 
find  a  very  large  number  of  very  small  but  well  defined,  round,  little 
globules  identical  in  appearance,  described  as  occurring  in  the 
shell  structure  of  testlcardine  brachiopods,  in  which,  however,  they 
are  confined  to  the  vertical  septa,  which,  in  these,  start  directly  from 
the  supporting  substance  of  the  mantle  and  body-wall  respectively. 
The  conclusion  to  which  we  have  come  with  regard  to  these  glob- 
ules, and  the  horny  layers,  was,  therefore,  very  near,  namelj^  that 
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they  are  homologous  if  not  analogous  with  the  vertical  septa  of 
testicardine  brachiopods.  « 

Body-wall,  Mantle  and  Peduncle,  A  general  uniformity  obtains 
in  the  structure  of  these  three  organs.  Three  different  layers  may 
be  readily  distinguished  in  all  of  them,  namelj^:  An  outer  ecto- 
dermal covering,  a  middle  layer  of  supporting  substance  and  an 
internal  layer  of  lining  or  peritoneal  epithelium.  The  ectodermal 
layer  is  made  up  of  small  cuboidal  cells  of  a  homogeneous  proto- 
plasm in  which  lies  embedded,  an  oval  and  comparatively  iarge, 
welUstained  nucleus.  The  supporting  substance  is  either  homo- 
geneous or  presents  a  very  finely  longitudinally  striated  appear- 
ance. The  peritoneal  lining  epithelium  consists  of  flattened, 
polygonal,  nucleated  cells  joined  edge  to  edge  to  form  a  membrane. 
All  three,  however,  undergo  important  modifications  according 
to  situation  and  these  will  be  again  referred  to  in  speaking  of  the 
remaining  organs  of  the  animal. 

Alimentary  canal.  This  consists  of  three  layers  throughout  its 
whole  extent.  (1)  An  external  layer  of  a  very  loose  supporting 
substance  which  is  covered  with  peritoneal  epithelium  and  alwa3*s 
associated  very  closely  with  numerous  blood  corpuscles  or  blood 
lacunes  of  various  sizes. 

(2)  A  middle  layer  consisting  of  very  minute  cells,  ver}'  little 
differentiated. 

(3)  An  iiiternal  layer  of  long  and  very  narrow  ciliated  cells. 
The  mouth  is  a  flattened  funnel  shaped  organ  lying  between  ventral 
valve  and  the  large  CBSophageal  blood-lacunes,  its  opening  looking  in 
the  direction  of  the  peduncle  or  towards  the  inner  surface  of  the 
ventral  valve.  The  lower  lip  is  crowned  with  a  row  of  tentacles. 
The  mouth,  together  with  the  oesophagus,  forms  a  sort  of  horn-like 
projection  through  the  anterior  body-wall,  the  convexity  of  which 
would  form  the  most  anterior  extremity  of  the  alimentary  canal, 
the  larger  end  the  mouth  the  narrow  end  joins  the  sacculated 
stomach  within  the  bodj^-cavity.  Five  broad  canals  are  in  direct 
communication  with  the  stomach  and  leading  from  it  into  the  blind 
pouches  called  liver  lobules.  Below  the  stomach  the  intestine  is 
continued  to  the  most  posterior  extremity  of  the  body  cavity, 
where  it  forms  a  loop  or  sometimes  also  merely  bends  on  itself, 
after  which  it  ascends  on  the  right  side  and  close  to  the  ventral 
valve  between  the  lateral  body  wall  and  the  right  oviduct  up  to  the 
anterior  body  wall  which  it  pierces  to  open  to  the  exterior. 
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Muscular  system.  All  the  muscles  of  Olottidea  pyramidata  be- 
long to  the  non-striated  variety.  The  posterior  oeelusor  muscle, 
which  has  been  found  to  be  striated  in  testicardine  brachiopods, 
forms  no  exception  to  this  rule  in  this  animal.  With  regard  to  all 
those  muscles  which  have  been  described  in  almost  all  existing 
brachiopods  as  parietal  muscles  and  muscles  of  the  peduncle,  we  have 
come  to  the  conclusion,  that  they  are  not  muscles  at  all  but  that 
the  groundwork,  at  least,  of  these  structures  is  made  up  of  a  mes- 
enchymatous  supporting  substance  which,  however,  may  be  pos- 
sessed of  a  certain  amount  of  contractility. 

Vascular  system.  No  central  propelling  organ  of  circula- 
tion, nor  a  closed  system  of  bloodvessels  with  proper  walls  of 
their  own,  such  as  Hancock  has  described  as  occurring  in  other 
brachiopods,  has  been  found  to  exist  in  this  animal.  There  are, 
however,  two  oblong,  pyriform,  sack-like  structures,  situated  on 
either  side  of  the  oesophagus  and  having  rather  thinner  walls 
than  the  other  blood-lacunes,  which  organs  might  possibly  func- 
tion as  hearts,  but,  having  thus  far  been  able  to  study  them  from 
sections  onl}',  a  positive  opinion  as  to  that  must  be  withheld. 
They  extend  alongside  the  oesophagus  up  to  the  roots  of  the  arms 
into  which  the}'  seem  to  empty  themselves  and  are  always  found 
crowded  with  blood  corpuscles.  Tlie  blood  corpuscles  are  usually 
found  in  spaces  hollowed  out  of  the  supporting  substance,  and  with- 
in the  body-cavity  they  are  simply  surrounded  by  the  peritoneal 
membrane. 

The  Nervous  System^  in  this  animal,  is  subectodermal  and  consists 
of  five  large  ganglionic  accumulations.  These,  from  their  respec- 
tive situations,  have  been  named  (1)  the  large  central  suboesopha- 
geal^  (2)  the  two  ventrolateral^  and  (3)  the  two  dorso-lateral  or 
supraceaophageal  ganglia.  The  commissure  which  joins  Ihe-  two 
ventro-lateral  ganglia  to  the  two  dorso-lateral,  is  a  double  one,  one 
branch  of  which  passes  on  the  dorsal  side,  the  other  on  the  ven- 
tral side  of  the  arm  root.  These  ganglia  are  made  up  of  compara- 
tively large  multipolar  ganglion  cells,  their  processes  anastomosing 
with  those  of  neighboring  cells  ;  their  nuclei  are  usually  round  and 
stain  very  much  deeper'than  is  the  case  with  the  protoplasm  forming 
the  cell-structure  which  is  either  very  firmly  granular  or  homoge- 
neous. 

Genital  organs.  With  regard  to  these,  the  results  of  my  studies 
have  led  me  to  differ  essentially  from  the  opinions  of  the  best 
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and  most  modern  writers  on  this  subject.  I  think,  I  have  discov- 
ered in  GlotUdea  pyramidata  an  organ  which,  though  never  before 
described  as  existing  in  any  other  brachiopod,  may  nevertlieless 
exist  in  them,  but  which  has  been  overlooked.  This  organ  is  the 
testicle.  It  is  found  closely  associated  with  the  internal  surface 
of  the  lateral  body-walls  on  both  sides,  in  fact  the  so-called  sper- 
matophores  are  developed  from  the  peritoneal  epithelium  which 
lines  the  spongy,  mesench^'matous  network  of  supporting  sub- 
stance adjacent  to  the  lateral  body  walls  and  covering  them,  on  the 
side  of  the  body  cavity,  like  a  semi-oval  pad.  It  is  from  this  or- 
gan that  sperm atophores  are  exclusively  developed.  Contrary  to 
what  has  been  found  in  other  ecardine  brachiopods,  in  Glottideawe 
have  genital  glands  present  in  the  mantle-sinuses,  but  here  both 
sperm  atophores  and  ova  are  developed  side  by  side,  while  within 
the  body  cavity ;  the  spermatophores  spring  from  the  lateral 
body-walls,  while  the  ova  are  developed  from  the  peritoneal  epithe- 
lium covering  the  mesenteric  bands  and  their  reflected  portions ; 
the  latter  occupy  therefore  a  much  more  central  position  than  the 
spermatophores  do,  with  relation  to  the  animal.  Glottidea  is  an 
hermaphrodite  animal  with  both  female  and  male  organs  of  gen- 
eration united  within  the  same  individual,  although  it  is  a  rare 
occurrence  to  find  both  in  equal  proportions  and  equally  well 
developed  at  the  same  time. 


Observations  on  the  huskrat.    By  Amos  W.  Botler,  Brook- 
ville,  Ind. 

[ABSTRACT.] 

The  muskrat  (Fiber  zibethicus  Cuv.)  is  very  abundant  in  most 
localities  in  southeastern  Indiana.  In  local  distribution  it  varies 
in  numbers  according  to  the  abundance  of  water  and  favorable 
localities  for  its  increase.  It  is  probably  not  less  common  than 
at  the  time  of  the  settlement  of  this  region. 

These  animals  soon  become  accustomed  to  man  and  to  his  pro- 
tection, as  well  as  to  the  rapid  diminution  of  their  natural  ene- 
mies, on  account  of  his  necessity  and  pleasure.  Originally,  they 
had  their  homes  in  the  neighborhood  of  natural  watercourses,  but 
with  the  system  of  state  improvements  which  led  to  the  building  of 
our  canals,  there  came,  in  many  localities,  a  change  in  the  life  of 
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the  rauskrats.  Upon  the  completion  of  "  The  White  Water  Val- 
ley Canal,"  in  1846,  the  greater  number  of  muskrats  living  upon 
the  streams,  along  which  it  ran,  sought  this  artificial  water  way 
and  tliere  established  homes.  At  the  present  time,  along  that 
portion  of  the  canal  in  existence,  but  few  muskrats  have  sought 
the  neighboring  streams  whence  tlieir  ancestors  came.  Wlien  the 
canal  through  this  part  of  the  state  was  destroyed  in  1866,  the 
rats  disappeared  from  many  places  where  they  had  long  found 
a  home.  Some  sought  tlie  rivers  whence  their  ancestors  came ; 
others  gathered  into  certain  parts  of  the  old  canal  bed  which 
were  not  permitted  to  remain  unused.  One  of  these  portions 
extending  from  Laurel  to  Brookville,  a  distance  of  fifteen  miles, 
is  now  the  property  of  "  The  Brookville  and  Metamora  Hydraulic 
Company."  Here  it  is  that  I  have  become  best  acquainted  with 
this  water-loving  rodent. 

The  muskrat  prefers  its  home  in  banks  of  loam  or  light  clay, 
but  rarely  occupies  gravelly  banks.  It  is  owing  to  this  that  the 
gravel  banks  of  the  railroad  and  of  the  canal  when  kept  free  from 
vegetation  arc  rarely  bothered  ;  while  those  of  loam  are  generally 
honeycombed  by  the  passages  of  this  industrious  mammal.  With 
the  alternate  freezing  and  thawing  of  early  spring,  the  coverings 
of  these  passages  fall  in,  exposing  cavities  of  surprising  extent. 
It  is  only  by  vigilant  watching  at  this  time  that  property  owners 
are  saved  great  loss. 

The  underground  homes  of  the  muskrat  in  the  banks  of  the  canal 
have  each  two  openings,  from  eighteen  inches  to  two  feet  apart.  The 
top  of  each  hole  is  just  on  a  line  with  the  top  of  the  water  at 
its  low  and  high  stage  respectively.  The  passages  from  these 
openings  lead  backward  and  upward  in  a  very  crooked  way,  end- 
ing in  a  large  gallery  which  is  the  home  of  the  animal ;  from  the 
latter  a  passage  is  sometimes  found  leading  to  the  surface  where 
it  appears  as  an  "  air  hole."  The  depth  to  which  these  underground 
passages  penetrate  the  banks  varies  ;  the  minimum  depth  attained 
being  about  five  feet;  the  maximum,  thirty  feet. 

In  the  abandoned  parts  of  the  old  canal,  before  referred  to,  the 
muskrat  built  houses  for  the  first  time  in  this  part  of  the  state. 
They  were  few  in  number  and  were  confined  to  wet  tracts  in  the 
old  canal  bed  and  swamps  adjacent  thereto.  Until  within  the 
past  three  years  no  houses  have  been  built  along  the  water-power 
canal  between  Laurel  and  Brookville.    Each  year  a  few  more  have 
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been  added  to  those  completed  at  that  time  until  now  there  may 
be  seen  a  dozen  or  more  within  the  fifteen  miles  just  mentioned. 
Whether  house-building  muskrats  from  farther  to  the  northward 
have  entered  this  region  and  found  others  of  their  kind  who  could 
appreciate  homes  of  their  own  erection,  or  whether  the  represen- 
tatives in  this  locality  have  taken  upon  themselves  this  much  of 
the  wa3's  of  some  ancestor,  I  know  not. 

There  is  much  regularity  in  the  general  form  and  interior  arrange- 
ment of  these  houses,  but  in  size  and  material  used  in  construc- 
tion there  are  great  differences.  The  muskrat  generally  chooses 
one  of  the  higher  parts  of  a  piece  of  marshj''  ground  and  then  ex- 
cavates a  circular  or  oval-shaped  hole  to  the  depth  of  the  sur- 
rounding water,  after  which  he  constructs  a  building  of  the  fol- 
lowing kind  (which  is  typical  of  this  locality)  ;  the  house  is 
composed  of  swamp  grass,  sedge,  coarse  weeds,  mud,  fresh  water 
algae  and  a  few  pieces  of  drift.  The  ground  plan  is  oval  in  out- 
line, four  feet,  six  inches  wide  and  six  feet,  three  inches  long ;  on 
the  land  side  the  house  is  two  feet,  six  inches  high  and  next  to  the 
water  three  feet,  four  inches.  The  whole  presents  the  appear- 
ance, in  miniature,  of  an  oblong  hay  rick.  Tiie  inside  is  quite 
irregular,  being  from  sixteen  to  twenty -two  inches  in  length 
and  about  twelve  inches  in  average  width  with  a  height  of  one 
foot.  Six  inches  from  the  bottom  a  shelf  of  eiglit  by  twelve 
inches  is  found  running  to  the  left  of  the  entrance;  an  arched 
chamber  is  formed  above  the  shelf.  Entrance  to  the  house  is  had 
by  means  of  a  tunnel  of  mud  and  weeds  which  leads  from  tlie  ex- 
terior beneath  the  water  to  the  centre  of  the  chamber,  where 
access  is  had  by  a  funnel-shaped  opening  in  a  mass  of  material 
similar  to  that  of  which  the  house  is  built. 

These  houses  are  only  occupied  during  cold  weather,  the  ani- 
mals spending  the  greater  part  of  the  year  in  their  sinuous  cavi- 
ties in  the  neighboring  banks.  In  this  vicinity  I  think  but  one 
brood  is  brought  forth  in  a  year.  Occasional  exceptions  may  be 
noted,  but  I  believe  the  rule  will  hold  good.  Mating  takes  place 
late  in  February  or  earl}'  in  March  and  continues  about  three 
weeks.  The  period  of  gestation  is  about  six  weeks.  In  April 
or  early  May  the  young  are  brought  forth,  from  four  to  six  help- 
less and  hairless  little  creatures,  and  remain  in  the  nest  until  they 
are  about  half  grown. 

Muskrats  feed  upon  both  land  and  water  plants,  using  in  many 
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instances,  roots,  stems  and  fruit  alike.  Corn  is  their  great  vege- 
table food  and  for  tlie  love  of  this  cereal  manj'^  of  their  number 
are  killed  each  3'ear  by  the  farmer  and  his  allies.  The  greatest 
damage  is  done  to  the  corn  after  the  ear  is  well  formed  or  in 
^^  roasting  ear."  They  also  like  parsnips,  turnips  and  apples. 
In  winter  and  in  early  spring  the  muskrats  often  take  to  a  diet  of 
animal  food ;  at  such  times  the  meat  of  some  species  of  fresh 
water  mussels  affords  them  their  chief  supply.  They  do  not  con- 
fine themselves  to  the  flesh  of  living  animals,  the  remains  of  geese, 
ducks,  chickens,  fish,  and,  in  one  instance,  a  turtle  forming  a  part  of 
their  food.     Muskrats  sometimes  eat  the  dead  of  their  own  kind. 

The  muskrat  is  largely  nocturnal  in  its  habits.  On  cloudy  days 
and  occasionally  late  in  the  afternoon  one  may  be  seen,  along 
some  quiet  stretch  of  water,  seeking  food  or  looking  for  its  mate. 
It  is  not  much  at  ease  on  land,  although  when  pursued  it  moves 
over  the  ground  at  an  ambling  gait  with  some  degree  of  rapidity. 
It  is  an  expert  at  swimming  and  diving.  In  open  water  it  dives 
to  a  considerable  depth,  and  I  have  noticed  it  passing  through 
shallow  water  apparently  running  upon  the  bottom.  It  appears 
disinclined  to  dive  in  muddy  water. 

A  number  of  ways  are  employed  to  kill  these  animals.  Steel 
traps  are  a  common  instrument  and  are  vet^*^  effectual ;  a  dead  fall 
is  sometimes  used,  as  are  also  poisoned  apples  or  turnips  which 
are  placed  in  the  neighborhood  of  their  burrows.  A  local  water 
power  company  make  use  of  a  barrel,  with  both  heads  knocked 
out,  which  is  placed  along  the  bank  of  the  stream  with  about  half  its 
length  out  of  water.  Upon  the  water  in  the  interior  of  tjje  barrel 
is  placed  some  light  vegetation  and  upon  the  latter  some  pieces  of 
parsnip  or  turnip  as  bait.  In  the  animal's  efforts  to  get  the  cov- 
eted vegetable  it  is  sure  to  get  into  the  barrel ;  the  water  is  too 
deep  for  it  and  it  is  only  by  standing  upon  its  hind  legs  that  it  can 
sustain  life.  Within  the  mating  season  it  not  unfrequently  occurs 
that  a  female  is  the  first  one  caught  and  in  their  efforts  to  become 
her  company  as  many  as  nine  of  the  opposite  sex  have  been  knovvu 
to  be  caught  in  the  same  barrel.  When  several  are  caught  at  a 
time  a  terrific  fight  is  almost  certain  to  follow,  ending  in  the  death 
of  most  of  the  contestants  and  in  the  destruction  of  the  skins  so 
far  as  value  is  concerned.  Of  the  enemies  of  the  muskrat  man 
ranks  first,  and  next  to  him  the  dog.  Hawks  and  owls  of  the 
larger  species,  foxes  and  minks  are  all  very  destructive  to  this  an- 
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imal.  The  muskrat  is,  at  times,  very  ferocioas.  When  cornered 
by  dogs  or  man  it  frequently  shows  fight  and  if  closely  pressed  is 
able  to  do  much  execution  with  its  sharp  teeth. 

The  above  facts  have  been  gathered  while  endeavoring  to  trace 
some  of  the  faunal  changes  that  have  occurred  in  Indiana. 


The  PEKtODICAL  CICADA  IN  SOUTHEASTERN  INDIANA.      By  AmOS   W. 

Butler,  Brookville,  Indiana. 

[ABSTRACT.] 

In  the  locality  where  the  observations  mentioned  in  this  paper 
were  made,  Brookville,  Ind.,  the  Cicada  had  not  been  previously 
studied. 

Reliable  evidence  was  found  of  its  occurrence  in  that  vicinity, 
prior  to  this,  in  1834,  1851  and  1868.  This  year  it  was  reported 
from  the  counties  of  Dearborn,  Decatur,  Rush,  Union,  Ripley, 
Franklin,  Fayette,  Wayne  and  Delaware  ;  the  latter,  however,  not 
within  the  district  contemplated  in  this  paper.  The  regularity  of 
its  appearance  is  surprising.  On  the  past  three  visits  the  earliest 
date  at  which  it  was  noticed  was  May  24th,  the  latest  May  29th. 
Three  days  after  appearing  they  began  giving  utterance  to  their 
peculiar  notes,  and  seven  days  later  appeared  to  be  in  full  song. 
Eight  days  after  appearing  mating  began,  and  appeared  general  in 
five  days  more.  In  eighteen  days  from  the  date  of  its  appearance 
ovipositing  was  commenced.  A  double  chambered  egg  cavity  was 
made  in  the  limb  of  a  tree,  by  means  of  the  two  small  saw-like 
organs  of  the  females ;  into  these  cavities  the  ovipositor  was  in- 
serted and  two  eggs  were  probably  deposited  at  a  time,  each  at  the 
same  angle  with  the  partition  wall.  The  openings  of  these  egg 
cavities  were  from  -^^  to  ^inch  in  length  and  were  about  the  same 
distance  apart.  Sometimes  but  two  or  three  punctures  were  made 
on  a  limb  but,  in  some  instances,  the  number  ranged  from  thirty 
to  forty,  and  even  above  the  latter  number.  No  limb  over  J-  inch 
in  diameter  has  been  found  punctured.  Of  about  forty  species  of 
trees  and  shrubs  examined,  fifteen  appeared  to  be  specially  selected 
by  this  insect  as  suited  for  receiving  its  eggs.  Seven  species  were 
rarely"  occupied,  and  upon  two  species  no  evidence  of  cicada  occu- 
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pation  could  be  found.  Twenty-three  days  after  the  appearance 
of  the  cicadas  the  males,  which  came  first,  began  to  disappear ; 
nine  days  later  but  few  cicadas  could  be  found  and  these  were 
mostly  females.  Thirty-nine  days  after  appearing  only  an  occa- 
sional representative  of  the  species  could  be  found. 

The  typical  species  Cicada  septendecim  L.,  and  its  variety  (7a«- 
8i)ii  Fisher,  were  both  found  here,  but  the  latter  much  the  more 
commonly.     They  do  not  frequent  the  same  territory.     Three  dif- 
ferent sounds  are  produced  by  the  cicada.    Two  of  them  are  com- 
mon to  both  forms  while  in  the  third  they  are  different.       The 
sounds  appear  to  be  produced  as  follows :  the  abdomen  is  inflated 
with  air,  tlien,  by  contraction  the  air  is  forced  against  the  corruga- 
ted membrane  forward  of  the  abdomen  which,  by  alternate  expan- 
sion and  contraction,  as  permitted  by  the  controlling  muscles,  give 
forth  the  sounds.     Toward  the  latter  part  of  their  lives  the  cicadas 
become  affected  by  a  peculiar  fungus  growth  which  gradually  takes 
possession  of  the  entire  abdominal  cavity  causing  the  insect  to 
drop  to  pieces  while  the  animal  is  yet  alive.      Both   sexes  are 
affected  by  it  but  it  is  found  most  frequently  in  the  males.     Those 
which  do  not  meet  a  violent  death  at  the  hands  of  their  enemies 
are  in  a  great  part  killed  by  this  parasitic  growth.     Eight  species 
of  birds  were  found  to  be  very  destructive  to  the  cicada.      Tiie  one 
which  killed  the  greatest  number  was  the  English  sparrow,  Passer 
domesticus  Leach.     Of  thirty-three  species  of  birds  examined,  all 
but  two  were  found  to  contain  cicada  remains.      Fox  squirrels, 
Sciurus  niger  ladovicianus  Allen,  and  ground  squirrels,  Tamias 
strtatas^nxvA^  destroyed  great  numbers  of  them.     Fish  of  various 
species  ate  those  which  fell  into  the  water.     Of  species  examined 
the   black   bass,  Micropterus  salmoides  Henshall,  blue   cat  fish, 
Ichthcelurus  punctatus  Jor.,  and  white  sucker,  Castastomus  teres 
LeS.  were  found  to  have  eaten  them.    Two  species  of  land  shells 
Mesodon  exoleta  Binn.  and  M.  elevata  Say,  were  found  feeding 
upon  the  dead  bodies  of  cicadas.      Aside  from  the  damage  done 
young  trees  in  nurseries  and  orchards  their  coming  was  productive 
of  little  or  no  loss.     Undoubtedly,  these  insects  appear  in  fewer 
numbers  at  each  septendecimal  visit.     That  this  decrease  in  num- 
bers cannot  always  continue  is  very  evident  and  at  some  time  in 
the  future  it  is  probable  the  cicadas  will  have  entirely  disappeared 
from  this  portion  of  our  country  at  least. 
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Thb  song  notes  of  the  periodical  cicada.      By  Prof.   C.   V. 
RiLET,  U.  S.  Entomologist,  Washington,  D.  C. 

(ABSTRACr.l 

There  are  few  more  interesting  subjects  of  study  than  the  notes 
of  insects  and  the  different  mechanisms  by  which  they  are  pro- 
duced. From  the  day  wlien  Aristotle  discoursed  upon  them  they 
have  interested  ever}'  observant  entomologist.  It  is  difficult  to 
record  them  in  musical  s^'mbols  that  can  be  reproduced  on  musical 
instruments,  some  of  the  more  successful  and  interesting  attempts 
in  this  direction  having  been  made  by  Mr.  S.  H.  Scudder.  I  have 
studied  closely  the  notes  of  a  number  of  species  and  have  pub- 
lished some  of  the  observations.  ^ 

In  the  notes  of  the  true  stridulators,  more  particularly,  as  the 
common  tree  crickets  and  katydids,  I  have  been  impressed  with  the 
variation  both  in  the  pitch  and  in  the  character  of  the  note,  depend- 
ent on  the  age  of  the  specimen  and  the  condition  of  the  atmos- 
phere, whether  as  to  moisture,  density  or  temperature.  Yet  with 
similarity  in  these  conditions  the  note  of  the  same  species  will  be 
constant  and  easily  recognizable. 

A  few  remarks  upon  Cicada  septendecim  will  doubtless  prove  of 
interest  since  the  species  has  this  3'ear  occupied  so  much  attention. 
I  do  not  find  that  the  notes  have  been  anywhere  very  carefully  de- 
scribed in  detail ;  nor  would  I  pretend  to  put  them  to  musical 
scale.  Writing  seventeen  years  ago  I  described  the  notes  in  a 
general  way  as  follows  :  "  The  general  noise  on  approaching  the 
infested  woods,  is  a  compromise  between  that  of  a  distant  thresh- 
ing machine  and  a  distant  frog  pond.  That  which  they  make 
when  disturbed  mimics  a  nest  of  young  snakes  or  3'oung  birds  un- 
der  similar  circumstances — a  sort  of  scream.  They  can  also  pro- 
duce a  chirp  somewhat  like  that  of  a  cricket,  and  a  very  loud 
shrill  screech,  prolonged  for  fifteen  or  twenty  seconds,  and  gradu- 
ally increasing  in  force  and  then  decreasing."  2 

There  are  three  prevalent  noises  which,  in  their  blending,  go  to 
make  the  general  noise  as  described  above.     These  are : — 

(1).  That  ordinarily  known  as  Phar-r-r-r'aoh  note.  This  is 
the  note  most  often  heard  during  the  early  maturity  of  the  males 
and  especially  from  isolated  males  or  from  limited  numbers.     It 

>3rd  Rep.  Ins.  Mo.  pp.  U.  153,  154;  4th  do.  p.  139;  6th  do.  pp.  150-169. 
3  let  Rept.  Ins.  Mo.  18C8,  p.  24. 
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is  variable  in  pitch  and  volume  according  to  the  condition  jnst 
mentioned  as  generally  affecting  insect  melodists.  Its  duration 
averages  from  two  to  three  seconds  and  the  aoh  termination  is  a 
ratber  mournful  lowering  of  the  general  pitch  and  is  also  somewhat 
variable  in  pitch,  distinctness  and  duration.  In  a  very  clear 
atmosphere  and  at  certain  distances  an  individual  note  has  often 
recalled  that  produced  by  the  steam  whistle  on  a  fast  train  espec- 
ially when  about  to  pass  under  a  tunnel.  But  when  heard  in  suffic- 
lent  proximity  the  rolling  nature  of  the  note  will  undoubtedly 
remind  most  persons  more  of  the  croaking  of  certain  frogs  than 
of  an3*thing  else.  I  have  heard  it  so  soft  and  low  and  so  void  of 
the  aoh  termination  that  it  was  tlie  counterpart  of  that  made  by 
Oecanthus  lutipennis  Riley  late  in  autumn  and  when  shortened  from 
age  and  debilitj^  of  the  stridulator. 

(2).  The  loudest  note  and  the  one  which  is  undoubtedly 
roost  identified  with  the  species  in  the  popular  mind,  is  what  may 
be  called  the  screech.  This  is  the  note  described  by  Fitch  as: 
*' represented  by  the  letters  tsh-e-e-E-E-E-E-E-e-ou,  uttered  con- 
tinuously, and  prolonged  to  a  quarter  or  half  a  minute  in  length, 
loud  and  piercing  to  the  ear,  and  its  termination  gradually  low- 
ered till  the  sound  expires."  Dr.  Fitch  errs  as  to  the  length  of 
its  duration  and  I  have  also  erred  in  the  same  direction  unless  in- 
deed there  is  a  still  greater  range  than  my  subsequent  observations 
would  indicate.  ^  It  is  more  probable,  however,  that  our  memories 
were  at  fault,  for,  as  I  have  verified  this  year,  this  sJmll  ordinarily 
lasts  from  two  to  three  seconds — though  occasionally  longer — and 
is  repeated  at  intervals  of  every  five  seconds.  This  note  is  rarely 
made  by  solitary  males  or  when  but  few  are  gathered  together,  but 
it  is  the  prevailing  note  in  the  height  of  the  season  and  is  made  in 
unison,  i,  e.,  the  assembled  males  on  a  given  tree  or  within  a  given 
grove  are  prompted  to  it  simultaneously,  so  that  its  intensity'  be- 
comes almost  deafening  at  times.  It  is  of  the  same  nature  as  that 
made  by  the  dog-day  cicada  ( Cicada pruniosa  Say)  and  in  its  higher 
and  louder  soundings  is  not  unlike  the  commoner  shrill  of  that 
species,  though  by  no  means  so  continuous.  It  is  what  in  the  dis- 
tance gives  the  threshing  machine  sound  and  it  has  often  recalled 
that  which  I  have  heard  in  a  saw-mill  when  a  log  is  being  cut 
crosswise  by  a  circular  saw. 

*  Since  this  was  written  I  have  heard  on  two  occasions  this  note  prolonged  to  20 
seconds,  but  this  is  very  abnormal  and  I  have  no  other  evidence  than  the  season 
(June  SOtb)  that  it  belonged  to  C.  uptendeeim. 
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(3).  There  is  what  may  be  called  the  intermittent,  chirping 
sound,  which  consists  of  a  series  of  fifteen  to  thirt}',  bnt  usually 
about  twenty-two,  sharp  notes  sometimes  double,  lasting  in  the 
aggregate  about  five  seconds.  This  sound  is  so  much  like  that 
produced  by  the  barn  or  chimney  swallow  {Hirundo  erythrogastra) 
that  a  description  of  one  would  answer  fairly  well  for  both.  It 
resembles  also,  though  clearer  and  of  higher  pitch,  the  note  of 
Mici'ocenti*u8  retinervis  (Burm.)  which  I  have  likened  to  the  slow 
turning  of  a  child's  wooden  rattle  highly  pitched. 

The  above  notes  are,  so  far  as  I  have  observed  them,  of  higher 
pitch  though  of  less  volume  in  the  smaller  cassijiii  form. 

The  other  notes,  viz.,  that  made  when  the  insect  is  disturbed 
and  a  not  infrequent  short  cry  that  maybe  likened  to  that  of  a 
chick,  are  comparatively  unimportant ;  but  no  one  could  do  justice 
to  the  notes  of  this  insect  without  describing  the  three  peculiar 
sounds  which  I  have  attempted  to  describe  above  and  which  are 
commingled  in  the  woods  where  the  species  is  at  all  common, 
though  the  undulator}'  screech  is  b}'  far  the  most  intense  and  most 
likelv  to  be  remembered. 

[The  paper  concludes  with  a  description  of  the  mechanism  by 
which  these  various  notes  are  produced,  and  after  referring  to  the 
writings  on  this  mechanism  of  Reaumur,  Roesel,  Solier,  Landois 
and  others,  agrees  with  the  earlier  authors  in  considering  the  notes 
stridulatory  rather  than  vocal.  Riley  believes  that  Landois,  one 
of  the  last  writers,  who  reversed  the  previous  conclusions  and 
asserted  the  notes  to  be  vocal  and  due  to  the  metathoracic  spiracles, 
was  essentially  wrong.  The  noise  produced  is  not  made  as  is  the 
buzzing  Diptera  as  Landois  concluded,  for  while  the  air  passages 
act  their  part  in  modulating  the  vibrations,  the  source  of  the  noises 
is  found  to  be  in  the  parchment-like  and  ribbed  drums,  a  portion  of 
whicli  is  made  to  vibrate  with  great  rapidity  by  the  strong  V-shaped 
muscles  located  in  the  abdomen  and  which  have  great  muscular 
power  so  that  even  after  separation  from  the  insect  and  when 
pressed  with  a  point  held  in  the  hand,  they  produce  such  intense 
vibration  that  it  may  be  likened  to  a  galvanic  shock.] 


On  the  parasites  of  the  Hessian  fly.     By  Prof.  C.  V.  Rilbt, 
U.  S.  Entomologist,  Washington,  D.  C. 

[ABSTRACT.] 

The  paper  consists  of  a  digest  of  a  communication  on  the  same 
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subject  now  in  press  in  the  Proceedings  of  the  U.  S.  National 
Museum.  It  gives  the  synonymy  of  Meriaus  destructor  (Say) ,  show- 
ing the  difficulty  that  has  been  encountered  in  the  past  in  properly 
locating  the  species  generically.  It  then  reviews  what  was  known 
of  the  habits  of  the  species  by  earlier  authors  and,  on  account  of 
the  insufficiency  of  previous  descriptions,  gives  a  full  and  detailed 
description.  The  descriptions  of  Herrick,  Fitch  and  Packard  are 
shown  to  refer  to  this  species  rather  than  to  any  other  so  far 
known.    The  species  never  occurs  in  the  apterous  condition. 

Merisus  (Homoponis)  suhapterus  n.  sp.  is  then  described  and 
separated  from  destructor^  the  wingless  specimens  referred  to  by 
Say  and  Herrick  under  this  last  species  being  considered  as  be- 
longing to  suhapterus,  Suhapterus  is,  exceptionally,  winged.  2>c«- 
tructor  is,  on  an  average,  of  smaller  size,  more  uniformly  metallic 
in  color ;  has  a  flatter  abdomen  with  j^ellowish  spot  at  Imse ;  has 
the  antennae  similar  in  both  sexes  and  either  pale  brown  or  black- 
ish-brown ;  has  the  coxsb  metallic  black,  the  femora  brown  or 
black  except  towards  tip,  tlie  paler  parts  of  the  legs  whiter  than 
in  suhapterus^  and  does  not,  so  far  as  we  now  know,  occur  in  the 
apterous  condition. 

Suhapterus  is,  on  the  average,  larger ;  of  darker  color  and  less 
metallic,  with  the  flagellum  of  the  antennae  pale  in  the  male  and 
black  in  the  female ;  the  abdomen  much  more  rounded  and  without 
the  pale  spot ;  the  coxee,  trochanters,  femora  and  basal  part  of 
tibiae  honey-yellow.     It  occurs  mostly  in  the  wingless  condition. 

The  paper  next  treats  of  Eupelmus  allynii  French,  showing  that 
it  is  parasitic  on  both  Isosoma  liordei  and  /.  tritici  as  well  as  on  the 
Hessian  fl}'.  The  phytophagic  habit  of  this  genus  is  then  shown 
and  the  experience  of  the  author  is  given  in  breeding  species  from. 
Lepidopterous  eggs,  from  Orthopterous  eggs,  from  Hemipterous 
eggs,  from  Cynipld  galls,  from  Lepidopterous  larvae,  from  Coleop- 
terous larvae  and  from  free  Cecidomyid  larvae. 

Tetrastichus  productus  n.  sp.  is  described  and  the  inference  drawn 
from  the  habits  of  the  genus  that  it  may  be  a  secondary  parasite. 

Platygaster  herrkkii  Packard  is  then  treated  of  with  the  conclu- 
sion that  P,  error  Fitch  is  parasitic  on  some  other  insect  and  not 
on  the  Hessian  fly.  The  statements  of  both  Herrick  and  Prof. 
A.  J.  Cook  are  then  considered  in  reference  to  the  oviposition  of 
this  species  in  the  eggs  of  the  Hessian  fly.  The  author,  while  dis- 
inclined to  oppose  direct  observations  when  asserted,  even  when 
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sach  conflict  with  all  that  has  before  been  known  or  with  universal 
rule,  still  feels  that  the  observations  need  verification  and  that  it 
is  probable  that  both  Herrick  and  Cook  mistook  the  young  Hessian 
fly  larvse  for  the  eggs. 

Another  species  of  TetrasticJius^  to  which  Prof.  S.  A.  Forbes  has 
given  the  MS.  name  of  carinahis^  is  briefly  referred  to  as  being  in 
all  probability  a  secondary  parasite,  and  a  single  Microgaster  is 
mentioned  which  is  not  described,  as  some  doubt  exists  as  to 
whether  it  is  parasitic  on  the  Hessian  fly,  although  bred  from 
straw  infested  by  this  last. 


Some  popular  fallacies  and  some  new  facts  regarding  Cicada 
SEPTENDECiM  L.  By  Frof.  C.  V.  Eilet,  U.  S.  Entomologist, 
Washington,  D.  C. 

[ABSTRACT.] 

Among  erroneous  notions,  the  author  mentioned  the  prevalent 
ones  that  the  variety  cassinii  Fisher  represents  the  race  tredecim 
Riley,  and  that  the  twigs  to  which  eggs  are  consigned  must  nec- 
essarily break  off  or  die  to  insure  the  hatching  of  the  larva. 

The  author  then  gave  a  number  of  exact  facts  from  recent  ob- 
servations in  the  life  history  of  the  species,  both  below  and  above 
ground.  . 


On  the  carapax  and  sternum  of  the  decapod  Crustacea. 
By  HowAKD  Ayers,  Ph.  D.,  University  of  Michigan,  Ann 
Arbor,  Mich. 

[abstract.  1] 

The  paper  treats  of  the  homologies  of  the  parts  of  each  of  the 
cephalothoracic  segments  and  attempts  the  solution  of  the  problem 
of  the  origin  of  the  carapax  an  I  sternum  by  adding  a  few  obser- 
vations to  those  given  in  the  literature  of  the  subject. 

>To  be  pubUshed  la  fuU  with  Uliistrations  In  the  BuU«tiQ  of  the  Essex  InstitatOi 
Salem,  Muss. 
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On  the   structure   and   function  of   the   sph^ridia    of  the 
EcHiNOiDEA.    By  Howard  Ayers,  Fh.  D,  Ann  Arbor,  Micb. 

[ABSTRACT.*] 

1.  A  DECADE  since  Lov6n  discovered  tbat  most  species  of  tbe 
Ecbinoidea  were  provided  witb  oval,  club-sbaped  organs  wbose 
structure  so  far  as  lie  made  out  tbrew  no  light  on  tbe  question  of 
their  function.  This  author  describes  the  organs  as  made  up  of  a 
calcareous  body  covered  by  a  ciliated  epithelium ;  the  body  con- 
sisting in  his  opinion  of  two  sorts  of  calcareous  matter  (a)  a  "vit- 
reous calcareous  substance"  forming  the  bulk  of  the  body  and 
(6)  a  "reticulated  calcareous  tissue"  forming  a  network  within  the 
body  substance.  His  observations  resulted  in  the  conclusion  that 
these  organs  were  confined  strictly  to  this  group ;  within  this  limit 
however  every  genus  save  Arbacia  possessed  them.  These  organs 
were  considered  as  sense  organs  and  called  sphieridia. 

2.  From  a  study  of  these  small  bodies  it  became  evident  to  me 
that  the  sphseridia  were  modified  spines.  This  fact  is  hinted  at 
by  the  structure  of  the  organ  especially  the  neck  region,  as  well 
as  by  this  development.  They  vary  greatly  in  number  on  the  test, 
with  this  species  (e.g.,  from  2  or  3  to  50).  They  are  always  con- 
fined to  the  ambulacral  zones  of  the  abactinal  surface.  They  are 
variously  arranged  about  the  peristome  :  e.g,^  in  pockets,  Schizaster, 
Brissus ;  in  radiating  lines,  Strongylocentrotus,  Echinus.  They 
measure  about  one-half  mm.  in  length  and  one-fourth  mm.  in  di- 
ameter. Their  movements  are  similar  to  those  of  tl^e  spines. 
They  vary  in  form  from  club-shaped,  oblong  oval,  and  oval  to 
nearly  spherical. 

In  each  spheerid  are  readily  distinguished  three  regions,  the 
base,  the  joint,  and  the  bod3\  The  latter  part  is  made  up  of  the 
neck  and  head.  The  base  is  a  mamelon  on  the  test  similar  to 
those  of  the  spines  ;  the  joint  is  composed  of  fibres  and  muscular  tis- 
sue and  connects  the  body  to  the  base.  The  body  is  movable  through 
the  joint  and  is  composed  of  a  vitreous  calcareous  matter  depos- 
ited in  concentric  layers,  the  "reticulate  tissue"  of  Lov6n  is  how- 
ever a  system  of  open  canals.  These  canals  in  the  living  sphserid 
are  filled  with  a  lymph  fluid  which  floats  nerve  cells  in  the  lacunar 
spaces  of  the  system  and  nerve  filaments  in  the  canalicular  pas- 

^  Paper  published  iu  fuU  inQuar.  Journ.  Mic.  Sci.,  Oct.  1985, 1  pi.  23  Qg, 
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sages.  The  canal  system  opens  on  the  surface  of  the  head  in 
funnel  shaped  openings,  and  communicates  through  numerous 
holes  in  the  bottom  of  the  neck  with  the  bod^*  of  the  animal. 
There  is  no  regularity  in  the  development  or  distribution  of  the 
canals  in  the  body. 

The  calcareous  globule  is  covered  by  a  ciliated  epithelium  com- 
posed of  relatively  large  cylindrical  cells — whose  relation  to  the 
enlarged  nerve  ends  has  not  been  satisfactorily  determined.  The 
nerve  supply  of  each  organ  passes  into  it  at  the  joint  and  occupies 
the  spaces  of  the  canal  system. 

Where  these  canals  communicate  the  nerve  cells  are  also  struct- 
urally united  and  by  this  intercommunication  form  a  network  of 
nerve  cells  and  filaments  that  send  off  radiating  filaments  to  the 
peripheral  epithelium  where  they  end  in  a  club  shaped  enlargement. 
These  nerve  ends  recall  similar  structures  described  by  Ilertwig 
Bros,  for  some  of  the  Medusse  and  are  found  in  no  other  part  of 
the  echinoid  body  so  far  as  1  am  aware. 

From  numerous  experiments  instituted  for  the  purpose  of  ascer- 
taining the  functions  of  these  organs  it  seems  certain  that  speak- 
ing in  terms  of  vertebrate  physiology  we  have  to  do  with  a  com- 
pound function,  i.e.,  with  the  function  of  taste  and  smell  combined, 
both  in  an  undifferentiated  state.  The  sphseridia  have  for  their 
function  the  detection  of  those  chemical  and  physical  changes  in 
the  water  which,  in  fishes  for  instance,  would  call  for  the  exercise 
of  the  functions  taste  aud  smell. 


On  the  structure  of  the  brain  and   auditory  apparatus  of 

A    THEROHORPHOUS    REPTILE    OF    THE    PeRMIAN    EPOCH.*       By 

Prof.  E.  D.  Cope,  Philadelphia,  Pa. 

The  following  observations  are  made  on  a  part  of  a  skull  of  one 
of  the  Diadectidae  (Pelycosauria  with  transverse  molar  teeth^), 
which  is  accompanied  by  several  vertebrie  and  other  fragments  of 
the  skeleton  of  a  single  individual  of  undetermined  species.    A  few 

1  The  8til)stnnce  of  thia  paper  wiU  be  found  in  the  Proceedings  of  the  American  Phil> 
osophical  Society  of  October,  1885. 

^For  a  (leflnition  of  this  family  and  the  included  genera,  see  Proceedings  of  Amer- 
ican Philosophical  Society,  188U,  p.  45. 
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characters  are  derived  from  skulls  of  two  allied  species,  Diadeo- 
tea  phaseolinus  and  Empedias  molaris  Cope,  which,  like  the  first 
named  specimen,  were  derived  from  the  Permian  formation  of 
Texas.  A  cast  of  the  brain  chamber  was  obtained,  thanks  to  the 
skill  of  my  assistant  Mr.  Geismar,  first  in  the  elastic  material  pa- 
tented by  Bendernagel  &  Co.,  of  Philadelphia,  for  the  manufacture 
of  printers'  inking  rolls  ;  and  afterwards  in  plaster  of  Paris,  in  a 
mould  made  from  the  elastic  cast. 

The  brain-case  in  the  Diadectidse  differs  from  that  of  the  Clepsy- 
dropidae,  much  as  that  of  the  VaranidaB  from  those  of  other  Lacer- 
tiiia.  That  is,  it  is  continued  between  the  orbits  so  as  to  enclose 
the  olfactory  lobes  of  the  brain  within  osseous  walls.  These  walls 
ai*e  thin,  especially  at  the  interorbital  region,  and  in  the  specimen 
the  anterior  extremity  is  so  far  imperfect  as  to  leave  the  form  of 
the  anterior  fundus  in  doubt. 

The  brain  in  reptiles,  as  is  well  known,  does  not  fill  tightly  the 
cranial  chamber,  as  is  the  case  with  Mammalia,  there  being  a  wad- 
ding of  connective  tissue,  with  interspaces  filled  with  lymph  and 
fat,  between  it  and  the  cranial  walls.  In  the  present  species  the 
post  frontal  part  of  the  cranium  is  so  contracted  that  there  could 
have  been  but  little  space  of  this  kind,  and  the  inferior  walls  are 
clearly  impressed  by  the  surfaces  of  the  middle  brain  and  the  cere- 
bellum. The  form  of  the  inferior  surface  of  the  brain  posterior  to 
the  fifth  pair  of  nerves  cannot  be  determined  from  the  specimen 
examined,  owing  to  the  absence  of  the  basioccipital  and  basisphe- 
noidal  bones. 

The  conformation  of  the  cranial  walls  requires  preliminary  no- 
tice. In  the  first  place  the  vestibule  of  the  ear  can  only  have  been 
separated  from  the  brain  by  a  membranous  septum,  as  is  the  case 
in  the  Protonopsia  horrida^  (Menopoma) .  In  clearing  out  the  matrix 
no  trace  of  osseous  lamina  could  be  detected  on  either  side,  and  the 
edges  of  the  huge  foramen  thus  produced  are  entire,  and  present  no 
broken  edges.  Anterior  to  the  vestibule,  the  prootic  bone  has  a 
small  extension  terminating  in  a  vertical  border.  In  front  of  this 
is  the  huge  vertical  foramen  through  which  issues  the  trigeminus 
nerve,  which  is  even  larger  than  that  found  in  the  Testudinata  and 
Crocodilidse.    The  anterior  border  of  this  foramen  is  formed  by 

*See  Journal  Academy  Philadelphia,  1866,  p.  105,  where  the  characters  of  the  skull 
in  the  Urodela  are  pointed  out. 
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the  probable  alispheiioid,  whose  posterior  edge  is  nearly  parallel 
with  the  anterior  border  of  the  prootic,  sloping  forwards  as  it 
descends.  The  basicranial  axis  is  thin  at  their  union  on  the  mid- 
die  line  below  and,  thickening  forwards,  is  excavated  by  rather 
small  conical  fossa.  Anterior  to  the  fossa  is  a  smaller  impressed 
fossa,  and  on  either  side  of  it  each  lateral  wall  is  excavated  into  a 
shallow  fossa  which  descends  towards  it.  The  fronto-parielal  fon- 
tanelle  is  of  extraordinary  size. 

1.  The  Brain. 

When  the  superior  border  of  the  medulla  oblongata  at  the  fora- 
men magnum  is  placed  horizontally,  the  axis  of  the  brain  ascends 
at  an  angle  of  45°  towards  the  frontoparietal  fontanelle.  Its  su- 
perior surface,  anterior  to  the  foramen  magnum,  is  subquadrate  in 
outline,  the  angles  being  truncated,  and  directed  anteriorly,  poste- 
riori}', and  laterally.  *A  posterior  constriction  connects  it  with  the 
medulla,  the  anterior  with  the  middle  brain  hemispheres ;  and  each 
lateral  truncated  angle  represents  the  foramen  of  the  trigeminus 
nerve.  The  space  thus  bounded  is  divided  into  two  nearly  equal 
areas  by  a  transverse  groove,which  extends  from  the  posterior  edge 
of  one  of  these  foramina  to  the  other.  The  posterior  of  these  I  sup- 
pose to  represent  the  cerebellum,  and  the  anterior  the  mesencepha- 
lon. The  cerebellar  surface  indicates  that,  as  in  many  lizards,  the 
cerebellum  is  simple,  and  very  slightly  convex. 

Anterior  to  the  foramen  trigemini  the  brain  contracts  so  as  to 
have  a  transverse  diameter  scarcely  more  than  one-third  its  verti- 
cal diameter.  The  cast,  at  a  point  twice  as  far  in  advance  of  the 
cerebellar  line  as  the  fore  and  aft  width  of  the  cerebellum,  rises  to 
fill  the  frontoparietal  foramen,  forming  a  mass  which  represents  the 
huge  pineal  sac,  or  epiphysis.  The  proportions  of  this  body  are 
even  greater  than  they  are  in  any  of  the  existing  Lacertilia,  and 
it  has  a  greater  transverse  diameter  than  the  middle  brain  inferior 
to  it.  Its  posterior  border  is  at  right  angles  to  the  line  continued 
forwards  from  the  superior  border  of  the  medulla  oblongata  at  the  for- 
amen magnum.  At  its  posterior  base  a  flat  horizontal  process,  as 
wide  as  the  brain  at  this  point,  extends  posteriorly  in  a  correspond- 
ing fossa  of  the  superior  cranial  wall.  Its  posterior  margin  occu- 
pies a  transverse  groove  of  the  superior  wall,  between  the  superior 
and  inferior  plates.    Each  lateroposterior  angle  is  produced,  and 
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may  represent  the  foramen  of  exit  of  a  narrow  canal  which  appears 
to  perforate  the  lateral  wall  and  issue  beneath  the  roof  of  the  tem- 
poral fossa.  A  larger  projection  of  each  side  of  the  base  of  the 
epiphysial  mass  occupies  a  large  foramen  of  the  lateral  wall,  which 
has  the  superior  wall  for  its  superior  border.  This  may  only  rep- 
resent a  vacuity  of  the  wall,  but  the  fossa  at  the  posterior  base  of 
the  epiphysis  has  greater  significance.  What  this  is  I  am  at  pres- 
ent unable  to  ascertain. 

Below  the  epiphysis  the  transverse  diameter  of  the  brain  is  about 
one-fourth  the  vertical,  not  including  a  short  inferior  prominence. 
The  latter  is  small  and  conical,  and  is  situated  below  the  centre  of 
the  epiphysis  when  the  cerebellar  surface  is  placed  horizontally,  or 
in  front  of  it,  when  the  medulla  at  the  foramen  is  placed  horizon- 
tally. Its  significance  is  unknown  to  me,  as  it  is  anterior  to  the 
position  of  the  hypophysis.  A  thickening  of  the  cast  on  either  side 
of  its  base  converges  to  the  median  line  posterior  to  it.  I  can  find 
no  optic  foramina,  and  believe,  therefore,  that  the  optic  nerves 
issued  from  the  same  large  sinus  as  the  trigeminus.  The  cast  di- 
minishes in  vertical  diameter  anterior  to  the  inferior  conical  pro- 
cess, and  increases  in  tranverse  diameter  of  its  superior  surface. 
The  inferior  border  continues  to  be  keel-like,  so  that  a  vertical  sec- 
tion is  triangular  with  the  base  superior.  It  is  impossible  to  dis- 
tinguish the  outlines  of  the  cerebral  hemispheres  or  the  olfactory 
lobes,  both  of  which  are  probably  included  in  this  part  of  the  cast, 
although  the  latter  probably  extended  much  anterior  to  the  extrem- 
ity of  the  brain-case  as  preserved.  The  form  may  or  may  not  give 
an  idea  of  the  form  of  the  hemispheres.  In  any  case  they  were 
narrower  than  in  any  known  reptile. 

The  prominent  features  of  this  brain  are  then  the  following : 
The  widest  part  is  at  the  origin  of  the  trigeminus  nerve.  Both  the 
cerebellum  and  mesencephalon  are  flat  and  simple.  The' hemi- 
spheres are  narrower  than  the  segments  posterior  to  them,  and  of 
greater  vertical  diameter.  The  epiphysis  is  enormous,  and  sends  a 
process  posteriorly  between  the  tables  of  the  parietal  bone,  and  the 
hypophysis  is  small.  The  olfactory  lobes  were  apparently  large, 
and  had  a  greater  transverse  diameter  than  the  hemispheres.  The 
reduced  diameter  of  the  hemispheres  is  a  character  of  fishes  and 
Batrachia  rather  than  of  reptiles,  but  the  mesencephalon  is  also 
smaller  than  is  the  case  in  Batrachia.  The  small  flat  cerebellum  is 
rather  batrachian  than  reptilian. 
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2.  Hie  Auditory  Apparattis. 

As  already  remarked,  the  internal  wall  of  the  vestibule  is  not 
bony,  so  that  the  cast  of  the  brain  cavity  includes  that  of  the  ves- 
tibule also.  On  the  external  wall  of  the  latter  are  the  orifices  of 
the  semicircular  canals.  These  are,  one  double  fossa  at  the  supe- 
rior anterior  part  of  the  wall ;  a  second  double  one  at  the  posterior 
superior  part  of  the  wall,  and  a  single  orifice  at  the  inferior  pos- 
terior part  of  the  wall.  The  external  part  of  the  vestibule  is  pro- 
duced upwards  and  outwards  to  the  fenestra  ovalis.  The  '^  double 
fossse"  above  mentioned  are  the  osseous  representatives  of  the 
membranous  ampullae  at  the  junction  of  two  pairs  of  semicircular 
canals. 

On  sawing  open  the  periotic  bones,  which  here  form  a  contin- 
uous mass,  the  following  is  seen  to  be  the  direction  of  the  semi- 
circular canals :  the  superior  canal  is  horizontal ;  the  second  canal 
f^om  the  posterior  ampulla  descends,  and,  after  a  course  a  little 
longer  than  that  of  the  superior  canal,  turns  posteriorly.  The  in- 
ferior canal  from  the  anterior  ampulla  also  descends,  and  after  a 
shorter  course  than  the  canal  last  mentioned,  also  turns  backwards 
and  joins  it,  the  two  forming  a  single  canal,  which  enters  the  ves- 
tibule by  the  single  posterior  foramen  already  described.  The 
lumen  of  the  longer  perpendicular  canal  is  much  larger  than  that 
of  the  others.  As  its  ampullar  orifice  is  also  the  largest  of  all,  I 
suppose  this  increased  diameter  to  be  partly  normal ;  but  it  may 
be  partly  abnormal,  as  its  walls  are  irregular  and  rough. 

The  fenestra  ovalis  is  not  preserved  in  this  specimen,  but  can  be 
seen  in  the  crania  of  the  species  Diadectes  phaseolinus  and  Empe^ 
dias  molaris  above  mentioned.^  The  vestibule  or  a  diverticulum 
from  it  is  produced  upwards  and  backwards,  and  terminates  in  a 
round  os.  This  clearly  is  not  a  tympanic  chamber,  nor  is  it  a 
rudimental  cochlea.  It  does  not  appear  to  be  homologous  with  the 
recessus  labyrinth!,  since  that  cavity  is  not  perforated  by  the 
fenestra  ovalis.  It  appears  to  be  a  prolongation  outwards  of 
the  vestibule  and  sacculus,  which  may  be  observed  in  a  less  degree 
in  the  genus  Edaphosaurus  (Cope),  also  from  the  Texas  Permian 
formation.  Here  the  adjacent  bones  are  produced  slightly  out- 
wards, and  the  fenestra  ovalis  is  closed  by  a  large  stapes  similar 

*  See  skull  of  S.  molarii.  Proceedings  American  Philosophical  Society,  1881,  Plate 
T,  flgs.  a  and  ft,  wtiere  the  fenestra  is  represented. 
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in  external  form  to  the  one  I  have  described  in  the  Clepaydrops 
leptocephalus.    Its  more  intimate  structure  I  have  not  examined.^ 

The  result  of  this  examination  into  the  structure  of  the  auditory 
organs  in  the  Diadectidae  may  be  stated  as  follows:  the  semi- 
circular canals  have  the  structure  common  to  all  gnathostomatous 
Chordata.  The  internal  wall  of  the  vestibule  remains  unossified, 
as  in  many  fishes  and  a  few  batrachians.  There  is  no  rudiment 
of  the  cochlea,  but  the  vestibule  is  produced  outwards  and  upwards 
to  the  fenestra  ovalis,  in  a  way  unknown  in  any  other  family  of 
vertebrates. 

I  may  add,  that  in  the  specimen  examined  the  semicircular 
canals  were  filled  with  a  white  calcareous  powder,  probably  derived 
from  the  comminution  of  otolites. 


The  presence  or  absence  of  underbasals  in  grinoids  can  be 

ASCERTAINED   FROM  THE   COLUMN.      By  ChARLES   WaGHSMUTH, 

Burlington,  Iowa. 

[AB8TBA0T.] 

It  can  be  ascertained  from  the  position  which  the  column  occu- 
pies toward  the  general  symmetry  of  the  calyx ;  from  the  outer 
angles  of  the  stem  joints,  their  position,  and  that  of  the  cirri, 
whether  radial  or  interradial ;  and  from  the  direction  of  the  rays 
along  the  axial  canal.     The  following  rules  prevail : — 

1.  In  species  with  underbasals,  whenever  the  column  is  pentan- 
gular, its  longitudinal  angles  are  directed  interradially,  the  sides 
and  columnar  cirri,  if  present,  radially ;  on  the  contrary,  in  species 
with  basals  only,  those  angles  are  radial,  the  sides  of  the  column 
and  the  cirri  interradial. 

2.  When  there  are  underbasals  and  the  column  is  pentapartite, 

*  Professor  Owen  has  figured  (Todd's  Encyclopsedia,  Art.  Monotremata)  a  struct- 
are  in  Echidaa  which  looks  remarkably  like  that  here  described.  This  is  a  tubular 
elongation  of  the  meatus  auditorias  externus,  with  more  or  less  cartilaginous  walls. 
This  structure  might  be  regarded  as  homologous  with  tliat  displayed  by  the  Enipedias, 
could  we  imagine  that  with  their  diminution  in  sise  in  the  Monotreme,  the  ossicula 
auditus  had  retreated  within  this  tube,  preceding  the  membranum  tympani,  fVom  a 
position  at  its  distal,  to  one  at  its  proximal  extremity.  But  such  a  supposition  has  as  yet 
no  foundationi  and  the  Blmllar  parts  in  the  iwo' types  may  have  no  homology. 
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the  five  sections  of  the  column  are  intenradial,  the  long! tad inal  sa- 
tares  radial,  the  angles  along  the  axial  canal  radial ;  but  the  oppo- 
site is  the  case  when  there  are  basal s  only. 

[For  further  particulars,  attention  is  directed  to  Revision  of  the 
Palieocrinoidea  Pt.  Ill,  Sections  I  and  II,  by  C.  Wachsmuth  and 
Frank  Springer,  now  in  press.] 


Oenostroma  and  Idiostroma,  and  the  comprehensive  charac- 
ter OF  THE  Stromatoporoids.  By  Prof.  Alexander  Win- 
CHELL,  University  of  Michigan,  Ann  Arbor,  Mich. 

[ABSTRACT.] 

The  object  of  the  paper  is  to  state  the  characters  of  Ccenostro- 
ma  and  Idiostroma  and  in  the  sequel  to  show  that  the  Stromato- 
poroids are  a  '^comprehensive  type,"  combining  characters  of 
Foraminifera,  Amorphozoa,  Anthozoa,  Hydrozoa  and  Polyzoa. 
For  the  illustration  of  the  paper  numerous  specimens  and  thin 
sections  will  be  shown,  together  with  many  enlarged  photographic 
views,  not  only  of  the  genera  above  named  but  of  several  other 
generic  modifications.  But  no  attempt  will  be  made  here  to  dis- 
cuss the  subject  exhaustively. 
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77ie  limitations  and  value  of  histological  investigation,  illustrated 
by  a  consideration  of  the  structure  of  a  respiratory  membrane  in  the 
pharynx  of  soft-shelled  turtles  {Amyda  mutica  and  Aspidonectes 
spinifer). 

While  choosing  a  subject  relating  chiefly  to  microscopic  struct- 
ure for  the  address  before  the  Section  of  Histology  and  Micros- 
copy, I  wish  first  to  discuss  briefly  what  constitutes  a  complete 
knowledge  of  structure  and  what  are  the  limitations  and  value  of 
this  knowledge. 

First  and  foremost,  the  foundation  of  a  knowledge  of  structure 
must  be  laid  broad  and  deep  in  a  knowledge  of  those  coarser  ap- 
pearances and  relations  that  may  be  made  out  by  the  unaided  eye. 
There  is  no  magic  in  the  microscope  ;  it  simply  enables  the  inves- 
tigator to  get  his  eyes  a  little  nearer  the  object  he  is  studying 
and  thus  to  carry  his  investigation  a  step  farther.  It  seems  as 
illogical  and  hopeless  to  expect  to  comprehend  the  structure  of  an 
organ  or  part  by  studying  it  under  the  microscope  alone,  as  for  a 
geologist  to  expect  to  understand  the  topography  and  structure  of 
a  continent  by  studjing  only  the  sand  on  its  seashore. 

Exactly  what  constitutes  the  knowledge  of  gross  anatomy  so 
strongly  insisted  upon,  it  would  be  out  of  place  to  discuss  here ; 
but  the  study  of  the  fine  or  microscopic  anatomy  should  give  a 
knowledge  of :  First,  the  individual,  structural  elements  and  their 
relations  to  one  another  in  the  organ  or  tissue  which  they  Combine 
to  form.  Second,  the  blood  supply.  Third,  the  lymph  supply. 
Fourth,  the  nerve  supply  and  the  relation  of  the  nerves  to  the 

(845) 
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structural  elements.  Fifth,  the  development  or  histogenesis  of 
the  structaral  elements  and  their  combination  to  form  the  various 
tissues. 

At  the  present  time,  the  structure  of  not  a  single  tissue  or  part 
is  known  in  all  the  detail  given  above.  From  this  we  may  gain 
encouragement,  as  there  is  opportunity  for  splendid  achievement 
on  every  side.  It  also  carries  with  it  discouragement,  for  a  solution 
of  most  of  these  problems  has  been  found  impossible  by  the  great* 
est  anatomists  the  world  has  known. 

It  is  not  uncommon  to  hear  it  confidently  expressed  that  a  given 
tissue  must  perform  a  given  function  on  account  of  its  structure. 
But  as  the  apparently  undifferentiated  protoplasm  of  the  moners, 
or  the  slightly  differentiated  protoplasm  of  the  Amoeba  and  the 
white  blood-corpuscle,  has  apparently  all  the  powers — in  a  limited 
degree  to  be  sure — possessed  by  one  of  the  higher  animals,  that 
is,  it  moves,  feels,  eats,  breathes  and  reproduces  itself;  it  seems 
to  be  a  hopeless  task  to  tell  by^  structural  appearances  alone,  what 
part  of  the  protoplasm  of  one  of  the  higher  animals  shall  feel, 
move  or  breathe,  and  do  nothing  else. 

Perhaps  no  one  ever  lived  who  was  more  justified  in  speaking 
dogmatically  of  the  relations  of  visible  structure  and  function  than 
Claude  Bernard ;  yet  it  was  a  saying  of  this  great  physiologist, 
that  the  study  of  mere  structure  gave  no  clew  to  function,  except 
of  course  the  grosser  and  merely  mechanical  functions. 

No  more  striking  example  could  be  given  in  justification  of  this 
statement  than  that,  before  him,  the  most  minute  study  of  the  liver 
and  pancreas  had  discovered  in  the  first  merely  a  producer  of 
gall  and  in  the  second  only  a  salivary  gland  placed  in  the  abdomen. 
And  yet,  the  physiologist,  Bernard,  found  the  liver  a  great  manu- 
factory of  sugar,  and  the  pancreas  a  producer  of  a  digestive  fer- 
ment, with  the  powers  of  all  the  other  digeative  ferments  combined 
and  capable  besides  of  emulsifying  fat. 

While,  therefore,  the  most  intimate  knowledge  of  structure  that 
it  is  possible  to  obtain  at  the  present  gives  no  hint  whatever  of  the 
real  function  of  a  tissue  or  organ,  this  knowledge  is  of  great  value 
if  the  special  function  of  the  part  is  first  investigated  and  then  the 
structure  and  the  relations  of  structure  in  the  part  determined ;  for 
undoubtedly,  it  is  easier  for  the  mind  to  grasp  the  details  of  a 
function  if  there  is  known  the  tangible  structure  through  which  the 
function  manifests  itself.    Knowing  with  certainty  the  special 
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differentiation  of  structure  accompanying  a  function  it  is  usually 
safe  to  assume  that  a  similar  structure  will  possess  similar  prop- 
erties and  perform  approximately  the  same  function,  whether 
found  in  the  same  or  different  animals.  This  structural  knowledge 
is  also  of  the  greatest  value  to  the  morphologist,  enabling  him  to 
recognize  and  homologize  with  considerable  certainty  the  organs 
and  tissues  in  different  animals.  And  finally,  it  is  perhaps  unnec- 
essary to  state  that  without  the  knowledge  of  structure  added  to 
the  knowledge  of  physiology,  the  splendid  achievements  of  modern 
surgery  would  be  impossible. 

While,  therefore,  the  value  of  our  present  knowledge  of  structure 
is  undoubtedly  very  great,  3'et  how  slight  is  the  insight  gained  in- 
to the  relations  of  structure  to  function.  Who  could  see  in  a 
mass  of  protoplasm  any  possibilities  whatsoever  if  he  had  not  first 
known  its  powers  ?  While  it  is  doubtless  true  that  specialization 
of  function  is  accompanied  by  differentiation  of  structure,  who 
can  state  or  even  hint  at  the  finer  structure  and  structural  relations 
which  accompany  extreme  specialization  of  function  ?  It  is,  for 
example,  not  very  diflScult  to  detect  a  nerve-fiber,  but  no  one  can 
from  the  appearance,  say  whether  that  nerve-fiber  is  associated 
with  motion,  sensation  or  the  secretion  of  a  gland :  and  3'et  be- 
tween the  functions  of  motion,  secretion  and  sensation,  there 
seems  at  present  an  impassable  gulf. 

Having  thus  in  view  the  requirements  for  a  complete  elucidation 
of  structure,  and  the  value  of  that  elucidation,  attention  is  called 
to  the  structure  of  a  respiratory  organ  in  the  pharynx  of  the  soft 
shelled  turtles.  In  the  first  place,  however,  let  me  briefly  state 
the  reasons  for  the  claim  that  the  mucous  membrane  of  the  pharynx 
is  a  respiratory  organ.^ 

First,  these  turtles,  which  are  in  their  natural  condition  almost 
constantly  in  water,  often  remain  under  voluntarily  from  two  to 
ten  consecutive  hours,  and  while  under  water  they  fill  the  mouth 
and  pharynx  with  water  and  expel  it  about  sixteen  times  per  min- 
ute, thus  keeping  the  mucous  membrane  constantly  bathed  by 
aerated  water.  Chemical  tests  applied  to  the  water  so  used  by  a 
turtle  show  a  marked  decrease  in  the  quantity  of  free  oxygen  and 
a  still  more  marked  increase  in  the  carbon  dioxide ;  this  being 
of  course  the  final  proof. 

*  WiUi  reference  to  the  points  here  considered,  see  also  Proc.  A.  A.  A.  S.  1883,  p. 
816  and  this  volume  p.  316. 
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The  respiratory  membrane  lining  the  phar3'nx  is  so  closely  beset 
with  minute,  cylindrical,  often  compound  papillse  or  filaments  that 
it  appears  to  the  unaided  eye  very  much  like  the  villous  coat  of  the 
small  intestine  of  one  of  the  higher  vertebrates.  This  membrane 
commences  about  opposite  the  base  of  the  tongue  and  extends 
to  a  point  about  opposite  the  middle  of  the  third  cervical  verte- 
bra, where  it  gradually  merges  into  the  longitudinally  folded 
lining  of  the  oesophagus.  At  this  point  there  is  a  sphincter  of 
voluntary  muscle  which  effectually  closes  the  oesophagus,  and  thus 
somewhat  sharply  limits  what  may  be  called  the  respiratory 
chamber. 

The  epithelium  lining  the  mouth,  pharynx  and  oesophagus  is 
non-ciliated,  the  cells  containing  a  nucleus  and  nucleolus.  In  the 
mouth  it  is  a  many-layered,  stratified  epithelium  which  gradually 
merges  into  a  columnar  epithelium  lining  the  pharynx  and  oesopha- 
gus. The  columnar  epithelium  is  composed  of  a  layer  of  elongated 
columnar  cells,  and  a  more  or  less  irregular  layer  of  smaller  cells 
interposed  between  the  narrow  or  attached  ends  of  the  columnar 
cells,  ff,  Many  of  both  of  these  varieties  of  cells  have  processes 
extending  from  their  attached  ends.  These  processes  apparently 
combine  to  form,  in  part  at  least,  the  basement  membrane  which  is 
very  apparent. 

In  some  cases  there  appears  also  a  connection  between  the 
processes  of  the  smaller  intervening  cells  and  those  of  the  stellate 
cells  in  the  reticulated  tissue  forming  the  proper  mucous  membrane. 
At  the  beginning  of  the  pharynx,  and  also  where  it  merges  into  the 
oesophagus,  as  well  as  in  the  oesophagus  itself,  are  many  beaker  cells 
in  the  epithelium,  but  few  if  any  of  these  are  found  in  the  respiratory 
region  proper. 

The  blood  supply  is  copious.  There  is  a  close  network  of  wide 
capillaries  with  numerous,  large  nuclei  in  their  walls,  many  of 
these  capillaries  lying  next  the  basement  membrane. 

Nothing  is  yet  known  of  the  lymph  suppl}*. 

Numerous  non-medullated  nerves  form  a  plexus  which  appears 
somewhat  like  the  plexus  mesentericus  of  the  intestine.  Branches 
from  this  are  sent  into  the  papillfle  and  presumably  terminate  in 
the  dome-shaped  taste-bud,  like  collections  of  epithelia  (neuro- 
epithelia)  found  there. 

Such  is  an  incomplete  view  of  the  structure  of  the  respiratory 
membrane  in  the  pharynx  of  the  soft  shelled  turtles. 
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In  conclusion  it  may  fairly  be  asked :  What  is  the  special  signifi- 
cance of  the  structure  of  this  undoubted  respiratory  membrane? 
In  what  way  does  it  agree  with  other  respiratory  membranes?  If 
it  be  compared  with  the  gill  of  a  fish,  the  blood  supply  in  both  is 
ample,  but  the  epithelium  in  the  fish  is  tessellated  while  here  it  is 
columnar.  In  the  ectobranchiae  of  the  tadpole  and  young  newt, 
the  structure  is,  in  general,  the  same  except  that  a  columnar  ciliated 
epithelium  intervenes  between  the  blood  vessels  and  the  water.  In 
the  entobranchifle  of  the  tadpole  and  the  ectobranchiae  of  Necturus  a 
stratified  pavement  or  transitional  epithelium  is  present,  and  in  the 
Necturus  this  epithelium  rests  directly  upon  the  capillaries,  no 
basement  membrane  being  present.  If  a  comparison  be  made 
with  a  respiratory  membrane  used  in  breathing  air,  as  the  lungs  of 
an  air-breathing  vertebrate,  the  same  general  structure  obtains. 
There  is  a  pavement  epithelium  of  a  single  layer,  usually  with  a 
basement  membrane,  separating  the  blood  vessels  from  the  air. 

The  structure  of  each  of  these  membranes  stands  out  clearly 
from  all  the  rest,  that  of  the  turtle  resembling  none  of  them  so 
much  as  it  does  the  villous  membrane  of  the  small  intestine  of  a 
mammal.  Yet  each  of  these  membranes  has  for  its  principal  office 
the  passage  of  free  oxygen  through  it  to  the  blood  and  of  carbon 
dioxide  from  the  blood  to  the  surrounding  medium. 

It  does  not  require  a  great  anatomist  to  see  the  wide  diflference 
in  structure  between  these  various  membranes  and  yet  physiologi- 
cally they  are  the  same,  and  give  one  more  demonstration  of  the 
proposition  that,  to  be  of  the  highest  value  in  the  advancement  of 
knowledge,  the  study  of  structure  and  of  function  must  go  hand 
in  hand. 
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Photo-micrographs  on  gelatine  platks  for  lantern  projec- 
tion.    By  W.  H.  Walmsley,  Pliiladelphia,  Pa. 

It  is  generally  admitted  that  a  photograph  of  any  object,  ani- 
mate or  inanimate,  in  portraiture,  landscape,  architecture,  or  what 
you  will,  is  a  more  literal  transcript  of  the  original,  than  can  pos- 
sibly be  made  by  the  most  skilful  draughtsman,  since  nothing  is 
left  to  the  imagination.  If  this  be  true  with  objects  visible  to  the 
unaided  eye,  how  vastly  superior  in  accuracy  is  a  photograph  of 
those  requiring  considerable  magnifying  power  to  render  their 
structure  visible?  The  most  perfect  drawing  made  under  the  cam- 
era lucida  will  be  found  more  or  less  diagramatic ;  whilst  two  or 
more  drawings  of  the  same  subject,  made  by  different  artists  of  equal 
skill,  will  differ  materially,  each  one  pencilling  what  he  sees ;  or 
thinks  he  sees.  The  sensitive  plate,  being  incapable  of  feeling  or 
thinking,  records  only  the  impression  reflected  upon  it,  and  thus 
gives  us  an  exact  reproduction  of  the  image  formed  by  the  lens. 

The  projecting  lantern  has  been  long  used  for  throwing  trans- 
parencies upon  a  suitably  prepared  surface,  but  the  subjects  have 
usually  been  drawings,  more  or  less  imperfect  and  inaccurate.  The 
desirability  of  using  photographs,  made  direct  from  the  objects  has 
been  recognized  but  the  cost  of  the  necessary  apparatus,  together 
with  the  time,  labor  and  skill  required  for  its  successful  application, 
has  prevented  hitherto  any  general  adoption  of  this  most  perfect 
method  of  exhibiting  a  microscopical  specimen  to  a  class,  or  au- 
dience of  any  kind. 

The  universal  application  and  use  of  photography,  however, 
brought  about  by  the  introduction  of  gelatine  dry  plates,  have 
changed  all  this.  The  cost  of  the  necessary  apparatus  has  been 
reduced  to  a  minimum,  whilst  its  bulk  and  complexity  have  fol- 
lowed suit.  The  stains  and  disagreeable  odors,  attendant  upon 
the  old  silver  bath,  and  collodion  process,  have  been  consigned  to 
oblivion.  The  prepared  dry  plates  are  furnished  to  us  of  uniform 
quality,  by  reliable  makers,  at  extremely  low  prices,  and  the  whole 
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process  of  making  both  negatives  and  positives  may  be  pleasantly 
accomplished  on  a  winter's  evening,  without  even  soiling  one's  fin- 
gers. 

It  is  not  my  purpose  in  this  paper  to  describe  the  process  of 
making  the  negative.  This  I  have  already  done  on  previous  occa- 
sions, whilst  other  and  abler  pens  have  given  us  much  practical 
information  on  the  subject.  I  would  merely  premise  that  for  the 
negative,  a  plate  of  extreme  sensitiveness  and  fine  texture,  de- 
veloping with  sharp  contrasts  and  great  density,  is  required  ;  and 
that  development  with  pyro-gallic  acid  has  in  my  hands  given  far 
better  results  than  ferrous-oxalate.  With  such  plates,  powers 
ranging  from  four  diameters  to  two  thousand  may  be  successfully 
employed  with  the  light  obtainable  from  a  good  coal-oil  lamp,  using 
one  or  two  flat  burners ;  whilst  the  simple  and  inexpensive  cam- 
era shown  upon  the  table,  and  which  can  be  adapted  to  any  mi- 
croscope, is  all-suffijient  for  the  production  of  the  most  perfect 
negatives  by  any  powers  between  the  above  extremes. 

The  gelatine  plates  for  making  positives  are  of  quite  a  different 
character  from  those  used  for  negatives,  being  much  less  sensitive  to 
light,  and  requiring  a  development  which  shall  produce  clear  glass 
in  the  high  lights,  transparency  in  the  shadows,  and  full  detail  in 
all  portions.  Two  distinct  kinds  are  now  made  ;  the  one  with  a 
bromide  of  silver  base,  the  other  with  a  chloride.  The  latter  is 
much  slower  than  the  former,  requiring  many  times  the  length  of 
exposure,  but  the  transparency  of  the  shadows  is  so  much  greater, 
that  I  prefer  to  use  them,  and  do  not  begrudge  the  extra  time  re- 
quired. 

Possessed  of  a  good  negative  (and  none  other  should  be  used, 
since  it  is  impossible  to  make  satisfactory  positives  from  a  bad  one), 
two  methods  of  producing  the  latter  are  open  to  us ;  by  contact 
printing,  or  by  the  camera.  The  latter  is  undoubtedly  the  more 
perfect,  and  enables  us  to  utilize  a  negative  of  any  dimensions,  en- 
larging or  reducing  to  the  proper  lantern  size ;  but  it  involves  the 
cost  of  a  copying  camera  and  lens,  and  the  use  of  daylight  for  pro- 
ducing the  best  effects,  whilst  the  contact  process  is  of  the  most 
simple  description,  and  can  be  done  entirely  by  lamplight. 

For  contact  printing,  the  negative  must  be  specially  made,  so 
that  the  object  shown  shall  be  within  the  dimensions  of  a  lantern 
slide.  A  deep  printing  frame  with  plate  glass  front  must  be  em- 
ployed, on  which  is  laid  the  negative,  film  side  up;  upon  which 
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film  side  down^  so  that  the  two  shall  be  in  contact,  is  placed  the 
slow  plate  which  is  to  form  the  positive.  Of  coarse  this  must  be 
done  in  the  dark  room  by  ruby  light.  A  piece  of  dead-black  vel- 
vet to  prevent  any  reflection  from  the  back  of  the  plate  must  now 
be  placed  over  the  same,  and  the  back  of  the  printing  frame  secured 
in  position.  The  exposure  is  made  to  the  light  of  a  coal- oil  lamp 
or  gas  jet,  at  a  distance  of  about  two  feet.  If  a  bromide  plate 
be  employed,  the  length  of  exposure  may  vary  from  five  to  twenty 
seconds,  according  to  density  of  the  negative ;  if  a  chloride  plate, 
however,  be  used  the  time  required  may  be  as  many  minutes.  No 
rule  can  be  given  ;  experience  alone  will  enable  one  to  determine 
with  any  certainty  the  length  of  time  required,  lind  just  here  some 
failures  and  disappointments  may  be  expected.  It  may,  however, 
aid  some  and  not  be  amiss  for  me  to  say  that  for  negative  making 
I  have  found  the  ^'Diamond"  plates,  by  Richardson,  eminently  sat- 
is factory,  while  Carbutt's  and  Ripley's  transparency  plates  leave 
little  or  nothing  to  be  desired.  They  are  cut  from  extremely 
thin  and  fiat  glass,  so  that  when  covered  with  a  slip  of  the  same 
thickness,  and  the  edges  neatly  bound  with  needle  paper,  they 
present  an  exceedingly  attractive  appearance,  and  are  very  light 
in  weight,  fitting  readily  the  carriers  of  any  lantern  in  common 
use. 

The  development  of  the  plate  is  of  the  utmost  importance,  since 
upon  its  success  depend  the  beauty  and  perfection  of  the  resulting 
transparency.  The  image  should  be  sharp,  clear,  and  transparent 
in  the  deepest  shadows.  Where  clear  glass  appears,  it  must  be 
absolutely  so,  the  least  smokiness  or  muddiness  will  spoil  the 
brilliancy  of  the  image  upon  the  screen.  The  ferrous  oxalate, 
made  in  the  following  simple  manner,  is  entirelj'  satisfactory  when 
used  with  the  Carbutt  plates. 

No-.  1. 

Saturated  solution,  neutral  oxalate  of  potash. 

No.  2. 

Saturated  solution,  proto-sulphate  of  iron.  To  the  latter  add  a 
few  drops  of  a  saturated  solution  of  citric  acid. 

To  make  the  developer,  add  one  part  of  No.  2,  to  six  parts  of 
No.  1,  and  have  ready  a  solution  of  bromide  of  ammonium  for  use 
in  case  of  over-exposure. 

This  developer  will  be  found  to  act  very  promptly  and  to  bring 
out  all  details  with  proper  density  before  those  portions  of  the 
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plate,  which  have  not  been  acted  upon  by  light  and  which  should 
be  clear  glass,  begin  to  show  any  signs  of  fog.  If  the  plate  we  are 
using  be  one  of  the  bromides,  it  will  be  well  to  continue  the  devel- 
opment until  rather  more  density  than  is  desired  has  been  ob- 
tained, as  it  will  lose  somewhat  in  the  subsequent  fixing :  if,  on  the 
contrary,  we  are  using  a  chloride  plate,  the  development  must  be 
stopped  as  soon  as  requisite  density  is  reached  as  it  will  lose  noth- 
ing in  fixing.  The  usual  washing  and  fixing  in  the  hypo  bath  fol- 
lowed by  an  alum  one,  and  prolonged  washing  to  remove  all  traces 
of  the  hyposulphite  of  soda,  must  follow  as  a  matter  of  course. 
Should  the  image  flash  up  too  suddenly  from  over-exposure,  add  a 
few  drops  of  the  bromide  solution,  as  a  restrainer,  to  prevent  flatness 
and  want  of  contrast  in  the  image. 

If  the  negative  image  be  of  larger  dimensions  than  the  lantern 
plate,  and  it  be  desired  to  place  the  whole  thereof  upon  the  latter, 
it  will  be  necessary  to  employ  some  kind  of  a  copying  camera.  One 
speciallj^  constructed  for  this  purpose,  with  a  double  shifting  front, 
capable  of  carrying  any  sized  plate,  will  of  course  be  found  the  best. 
In  the  absence  of  such  we  may  successfully  use  the  same  camera 
with  which  the  negative  was  made,  by  removing  the  cone  front 
and  patting  the  negative  in  its  place,  which  can  readily  be  done  by 
any  one  possessing  a  little  patience  and  ingenuity.  Then  a  board, 
carrying  a  rectilinear  lens  of  moderate  focal  length,  must  be  in- 
serted in  the  central  division  of  the  bellows,  and  the  front  elevated 
toward  the  sky.  An  image  of  the  exact  size  required  may  now  be 
thrown  upon  the  focussing  screen  b}'  withdrawing  the  front  section 
of  the  bellows  carrying  the  lens,  to  the  proper  distance,  where  it 
must  be  clamped,  and  the  focussing  effected  by  the  back  bellows, 
which  carry  the  ground  glass  screen.  The  plate  holder  containing 
one  of  the  slow  lantern  plates  is  now  to  be  substituted  for  the 
ground  glass,  and  an  exposure  of  five  to  twenty  seconds  made, 
governed  by  the  density  of  the  negative.  The  subsequent  opera- 
tions of  development  and  fixing  are  precisely  the  same  as  those 
given-  for  contact  printing. 

Should  the  resultant  positive  be  lacking  in  density,  or  of  a  slaty 
hue,  and  without  crispness,  it  may  frequently  be  greatly  improved 
by  the  following  method.  After  thorough  washing  to  remove  all 
traces  of  hypo,  place  it  in  a  bath  composed  of:  bi-chloride  of 
mercury,  96  grains;  bromide  of  potassium,  90  grains;  distilled 
water,  12  ounces.      This  bath,  it  may  be  observed,  should  be  re- 
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turned  to  a  well  stopped  bottle  for  future  use,  as  it  will  retain  its 
qualities  for  a  very  long  period. 

Its  effect  upon  tlie  gelatine  film  of  the  plate  will  be  to  bleach 
the  same,  but  care  must  be  exercised  not  to  carry  the  bleaching 
too  far,  lest  over-density  be  the  final  result.  Removed  from  this 
bath  and  well  washed,  it  must  be  plunged  into  another  consist- 
ing of  a  ten  per  cent  solution  of  sulphite  of  soda,  until  the  desired 
tone  is  reached.  Almost  any  gradation  of  color  from  a  light  yel- 
low brown  to  black,  may  be  thus  obtained,  varied  by  the  length  of 
time  immersion  in  the  soda  bath  is  continued.  Final  washing  and 
drying  must  follow,  as  in  the  original  development. 

When  dry,  the  film  is  to  be  protected  from  injury  by  covering  it 
with  a  thin  plate  of  glass,  of  the  same  dimensions  as  the  slide, 
with  a  mat  of  paper,  cut  out  in  suitable  shape,  placed  between  the 
two,  and  the  edges  bound  around  with  a  strip  of  needle  paper. 


Photo-miorographt  with  high  powers.    By  Prof.  T.  J.  Burrill, 
University  of  Illinois,  Champaign,  111. 

[ABSTRACT.] 

Dr.  H.  J.  Detmers  of  Champaign,  III.,  succeeded  in  February, 
1885,  in  making  good  photographs  of  Amphipleura  pelludda 
mounted  in  balsam,  by  use  of  a  common  coal-oil  lamp  and  the  or- 
dinary microscope  accessories.  Oblique  illumination  was  obtained 
first  by  using  an  Abbe  condenser  and  afterward,  with  still  better 
results,  a  Wenham  half  button.  The  microscope  was  simply  turned 
to  the  horizontal  position,  the  end  of  tube  with  eye-piece  inserted 
into  a  short  camera  and  the  adjustments  made  directly  by  the  hand 
while  the  operator  stood  in  position  for  viewing  the  image  upon  the 
focussing  plate. 

By  using  diatoms  mounted  in  a  more  highly  refractive  medium, 
magnificent  results  were  obtained. 

At  my  suggestion,  Mr.  S.  W.  Stratton  designed  and  consti*ucted 
a  new  heliostat  of  simple  mechanism  which  answers  the  purpose 
required  in  photo-micrography  as  well  as  the  more  elaborate  and 
more  expensive  instruments  and  is  far  more  readily  managed.  For 
those  who  need  to  have  the  sun's  rays  constantly  thrown  in  any 
given  direction  for  one  day  only  (without  resetting)  the  apparatus 
is  all  that  may  be  desired. 
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A    NEW,    CHEAP,   USEFUL   AND    QUICKLY    CONSTRUCTED    ADJUSTABLE 

aUicrotome.    By  Dr.  Charles  Porter  Hart,  Wyoming,  Ohio.* 

TABBTRACT.] 

This  instrument  is  nothing  more  nor  less  than  a  Bausch  and 
Loinb  microscope  stand,  converted  into  a  microtome,  by  tlie  fol- 
lowing changes  : — Having  removed  the  sub-stage,  the  slide-carrier 
clips,  the  objective  adapter,  and  the  draw-tubes,  a  suitable  razor 
blade  is  permanently  fixed  to  the  slide-carrier,  so  as  to  have  a 
corresponding  universal  lever  movement  parallel  to  the  glass  stage. 
The  imbedded  substance  is  then  carried  down  the  main  tube  of  the 
instrument  (which  is  placed  in  a  horizontal  position)  until  it 
presses  gently  against  the  microtome  knife,  where  it  is  fixed  in  posi- 
tion within  the  tube  by  means  of  the  main  draw-tube,  the  diaphragm 
of  which,  either  directly,  or  by  means  of  a  small  wooden  cylinder, 
is  brought  in  contact  with  the  distal  extremity  of  the  substance  to 
be  divided,  and  this  acts  as  a  plug  or  follower  to  retain  it  in 
position  within  the  tube.  Then,  having  moistened  the  knife,  and, 
if  necessary,  the  substance  to  be  operated  on  also,  the  slide-car- 
rier, and  with  it  the  microtome  knife,  is  made  to  pass  through  a 
sort  of  revolving  cutting  motion,  by  which  the  sections  are  made. 
These  sections  may  be  made  of  any  degree  of  delicacy  by  means  of 
the  micrometer  screw  attached  to  the  instrument. 


Optical  arrangements  por  photo- micrography,  and  remarks 
ON  magnification.  By  Romtn  Hitchcock,  Smithsonian  In- 
stitution, Washington,  D.  C. 

[  ABSTRACT.  »1 

There  are  two  methods  of  obtaining  amplification  in  photograph- 
ing microscopic  objects ;  one  is  by  regulating  the  distance  of  the 
sensitive  plate,  the  other  is  by  the  interposition  of  an  eye-piece. 

The  conditions  in  pliotography  are  somewliat  different  from  those 
of  ordinary  observation,  wherein  the  defects  of  the  ocular  are  not 
noticeable.     The  eye  fails  to  discover  a  curvature  of  the  image 

>  Now  Professor  of  Neurology  in  Hahnemann  Medical  College,  Snn  Fraucigco,  Cal. 
3  Printed  in  full  in  the  American  Microscopical  Journal,  Sept.,  1885. 
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which  is  very  evident  when  the  latter  is  spread  over  a  flat  focussing 
screen  six  or  eight  inches  square.  In  photography  much  depends 
upon  whetlier  the  operator  uses  large  or  small  plates  ;  for,  with  a 
small  plate,  giving  a  field  of  three  or  four  inches,  very  high  ms^i* 
fication  can  be  satisfactorily  attained  by  the  aid  of  an  ocular.  For 
ordinary  purposes  such  plates  are  quite  large  enough,  but  when  we 
come  to  large  sizes,  such  as  eight  by  ten-inch  plates,  the  eye-piece 
will  not  give  sharp  definition  all  over  the  field. 

The  eye-piece  enables  one  to  obtain  increased. magnification  with 
short  camera-bellows,  and  we  have  seen  small  photographs  of  diflS- 
cult  subjects  taken  with  the  eye-piece  which  leave  nothing  to  be 
desired.  Nevertheless,  for  the  more  difilcult  objects,  and  whenever 
finest  details  are  to  be  photographed,  we  would  not  advise  its  use. 
By  far  the  better  plan  is  to  use  a  long  camera-box,  and  get  ampli* 
fication  b}'  increase  of  distance.  In  this  way  very  good  results 
can  be  obtained,  but  it  must  be  observed  that  the  objective  requires 
to  be  specially  corrected  for  the  distance  of  the  plate,  and  this  is 
not  only  inconvenient,  but  in  many  cases  quite  impracticable. 
Thus,  in  using  an  objective  of  the  oil-immersion  form  without  any 
collar  adjustment,  one  can  only  focus  the  image  on  the  plate  by 
causing  the  objective  to  approach  nearer  to  the  object  than  where 
it  is  used  in  ordinary  observation. 

In  working  with  objectives  corrected  with  the  utmost  care  for  a 
definite  length  of  tube,  it  is  obvious  that  any  changes  in  the  course 
of  the  rays  passing  through  the  objective  will  introduce  aberrations 
which  will  impair  the  definition.  If  we  focus  upon  an  object  with 
the  ocular,  then  remove  the  ocular  and  receive  the  image  upon  a 
focussing  screen  several  feet  away,  the  objective  must  be  moved 
nearer  to  the  object  in  order  to  give  a  sharp  image  on  the  screen. 
Shortening  the  working  focal  length  in  this  way  obviously  inter- 
feres with  the  normal  course  of  the  rays  through  the  lens,  and  it 
is  thei*efore  not  possible  to  obtain  such  a  perfect  image  in  this  wa}'^ 
as  may  be  seen  with  the  ocular.  It  will  readily  be  seen  that  the 
only  way  to  secure  the  best  definition  is  to  focus  the  objective  with  the 
ocular,  for  then  we  know  the  corrections  are  properly  adjusted, 
and  then  make  the  image  sharp  on  the  distant  screen  without  the 
eye-piece  by  means  of  a  supplementary  lens.  Mr.  Zeiss  attempted 
to  do  this  by  providing  suitable  correcting  lenses  to  be  screwed 
into  the  back  of  the  objective,  which  were  calculated  to  correct  the 
aberrations  when  the  screen  is  at  stated  distances  away.    Abetter 
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plan,  however,  was  emploj'ed  by  Dr.  Woodward,  who  fully  under- 
stood the  problem  and  solved  it  in  a  satisfactory  manner.  He 
made  use  of  an  amplifier  by  ToUes,  which  he  found  to  be  most 
satisfactory  of  all  at  the  time.  The  amplifier  was  placed  in  a 
draw-tube,  so  that  it  could  be  moved  out  or  in  as  required.  He 
found  that  for  any  given  position  of  the  screen  there  was  a  corre- 
sponding position  for  the  amplifier  at  which  the  image  was  as  sharp 
and  perfect  as  when  observed  with  an  ocular  the  objective  mean- 
while remaining  unmoved.  Herein  is  the  secret  of  Dr.  Wood- 
ward's unexcelled  work  in  photographing  the  most  difiScult 
test-objects.  He  used  no  small  plates,  but  the  images  of  ^.  pellucida 
were  ten  inches  in  length,  clear  and  sharp  throughout.  It  is  safe 
to  assert  that  such  pictures  cannot  be  taken  with  an  ocular,  or  even 
without  the  correcting  lens  properly  applied.  These  facts  are 
either  not  generally  known,  or  they  are  sadly  neglected  by  those 
who  have  must  need  to  apply  them  ;  for  in  these  days  of  photograph- 
ing the  most  difiScult  of  all  objects,  the  various  forms  of  bacteria, 
the  utmost  sharpness  of  definition  is  required  if  the  results  are  to 
possess  permanent  value. 

We  now  come  to  another  question  of  importance  in  connection 
with  this  subject,  viz.,  how  much  shall  we  magnify  with  each  ob- 
jective ?  We  already  know  that  there  is  a  limit,  clearly  determined 
by  calculation  for  each  objective,  dependent  upon  its  numerical 
aperture,  beyond  which  no  further  amplification  will  bring  out  ad- 
ditional details.  Be3'ond  that  limit  increase  of  magnification  only 
enlarges  the  details  then  visible.  Experience  clearly  shows,  also, 
that  as  we  increase  amplification  beyond  a  certain  point,  with  every 
objective,  we  lose  in  sharpness  of  definition.  This  should  be  borne 
in  mind  in  pliotographing  with  the  microscope.  The  negative 
should  be  taken  with  only  such  magnification  as  gives  perfectly 
sharp  definition.  By  far  the  greater  part  of  the  general  photo- 
graphic work  of  microscopists  is  done  with  powers  not  greater  than 
250  diameters,  and  rarely  indeed  is  400-500  diameters  required. 

Summing  up  this  matter,  we  are  personally  inclined  to  favor  the 
use  of  large  plates,  8  by  10  inches  for  example,  in  photomicro- 
graphy, using  the  lens  with  an  amplifier  instead  of  an  ej^e-piece, 
for  the  reason  that  large  pictures,  highly  magnified,  can  tlms  be 
obtained  of  exquisite  definition.  These  will  bear  further  enlarg- 
ing with  the  solar  camera.  There  remains,  however,  the  consider- 
ation of  expense,  and  the  inconvenience  of  using  such  a  large 
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apparatus  under  ordinary  circumstances.  It  is  unquestionably 
more  convenient,  in  most  cases,  to  use  smaller  plates,  and  to  work 
with  an  eye-piece.  Still  better,  to  use  an  amplifier  in  place  of 
the  ocular,  for  then  it  is  possible  to  attach  the  amplifier  to  the 
camera  in  such  a  position  that  when  the  object  is  focussed  with  the 
eye-piece,  it  is  also  in  focus  on  the  ground  glass  of  the  camera 
when  the  latter  is  attached.  With  such  an  arrangement  a  quarter- 
plate  camera  can  be  used  with  perfect  satisfaction,  giving  nega- 
tives equal  to  any  that  can  be  made. 

The  same  cannot  be  said  when  the  ocular  is  used,  although  there 
is  no  doubt  that  thoroughly  satisfactory  results  can  be  obtained 
with  the  ocular  on  small  plates,  as  already  explained. 
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VICE  PRESIDENT,  SECTION  H,  ANTHROPOLOGY. 


THE  NATIVE  TRIBES  OF  ALASKA. 


Ladies  and  gentlemen  : — It  is  now  sixteen  years  since  I  read 
my  first  ethnological  paper  before  tliis  association,  at  the  Salem 
meeting  in  1869.  That  paper  sketched  the  distribution  of  the  na- 
tive tribes  of  Alaska  and  adjacent  territory,  together  with  some  of 
their  most  salient  characteristics,  and  formed  a  summary  of  what 
advances  had  been  made  in  the  knowledge  of  such  matters  in  that 
region  since  1855,  when  Holmberg  published  his  ethnographic 
sketch  of  the  people  of  Russian  America. 

On  this  occasion  I  propose  to  return  to  the  same  subject,  to  in- 
dicate the  principal  investigations  which  have  added  to  our  knowl- 
edge since  1869  and  to  briefly  sum  up  its  present  state,  adding  a 
few  remarks  on  the  directions  in  which  future  study  may  be  most 
profitably  employed.  That  the  present  is  a  particularly  suitable 
time  to  call  attention  to  the  subject  I  am  led  to  believe  for  several 
reasons. 

At  the  time  when  my  paper  of  1869  was  read,  anthropological 
study  in  Alaska  had  passed  through  several  phases  and  was  enter- 
ing upon  another.  The  first  period  in  which  material  for  such 
study  had  been  collected  began  with  the  expedition  of  Bering  and 
Chirikoff  and  lasted  during  the  remainder  of  the  eighteenth  cen- 
tury. It  was  characterized  by  maritime  discovery  and  the  prelim- 
inary mapping  of  the  coast  by  the  early  navigators,  often  men  of 
keen  observation,  whose  accounts  of  the  inhabitants  of  the  coasts 
they  explored  are  still  of  great  value,  and  for  the  most  part  quite 
reliable  within  obvious  limits.  To  this  period  belong  the  names 
of  Cook,  Vancouver,  Bodega,  Maurelle,  Gray,  Meares,  Dixon, 
Portlock,  Vasiliefif,  Erenitzin  and  Levasheff,  and  a  host  of  lesser 
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Rassian  navigators  whose  records  have  been  preserved  for  ns  by 
the  laudable  efforts  of  Coxe. 

The  second  period  may  be  said  to  have  begun  with  the  establish- 
ment, as  a  legalized  monopoly,  of  the  Russian  American  Company 
and  the  consequent  circumnavigations  of  the  globe  by  Russian  na- 
val vessels,  which  brought  mails  and  accessories  of  civilization  to 
tlie  rude  and  hardy  fur-hunters  of  the  northwest  coast.  These  be- 
gan with  the  voyage  of  Km  sen  stern  in  the  Nadezhda  and  the  work 
begun  by  him  was  admirably  carried  on  by  his  successors  ;  Lisian- 
ski,  Kotzebue,  Golofnin,  Vasilieff,  Wrangell,  Liitke,  Tebienkoff 
and  others.  Many  of  these  expeditions  were  accompanied  by  men 
of  science,  either  as  surgeons  or  as  special  investigators,  whose 
names  to  the  biologist  and  anthropologist  are  as  household  words. 
Such  were  Langsdorff,  Chamisso,  Merck,  Eschscholtz,  Choris,  Kitt- 
litz,  Postells  and  Mertens. 

Other  nations  though  naturally  behind  the  Russians  were  not 
absent  from  the  field.  The  voyage  of  Beechey  and  later  of  Sir  Ed- 
ward Belcher ;  Dease  and  Simpson,  and  other  officers  and  servants 
of  the  Hudson  Bay  company,  combining  exploration  and  commerce 
or  barter ;  the  United  States  exploring  expedition  under  Wilkes, 
and  the  North  Pacific  exploring  expedition  under  Ringgold  and 
Rodgers;  all  added  materially  to  our  knowledge.  A  single 
group  of  expeditions  sent  by  Great  Britain,  in  addition  to  the 
above  mentioned,  were  also  not  fruitless,  though,  considering  the 
opportunities  offered,  the  results  were  extremely  meagre.  I  refer 
to  the  Franklin  relief  expeditions  on  the  ships  ileraZd  and  Plover j 
Enterprise  and  Investigator. 

The  names  of  CoUinson,  McClure,  Kellett,  Moore  and  Magnire, 
are  familiar  to  all  intei-ested  in  arctic  geography  ;  and  Hooper,  J. 
Simpson  and  Seemann,  who  accompanied  one  or  the  other  of  these 
parties,  have  left  their  imprint  on  the  history  of  anthropological  re- 
search. During  this  period  also  the  noble  and  devoted  Veniami- 
noff  began  his  missionary  labors  in  Alaska  simultaneously  with 
which  he  accumulated  data  for  memoirs  on  the  natural  history  of 
man  which  will  always  remain  standards  of  reference. 

With  the  return  to  Europe  of  oflScers  who  had  served  their  time 
in  the  colonies  and  whose  scientific  tastes  had  led  them  into  stud- 
ies of  the  people  over  whom  they  had  ruled,  material  accumulated, 
until  in  1855,  the  work  of  the  anthropologist  in  Alaska  and  adja- 
cent regions  was  summed  up  by  Holmberg  in  the  paper  I  £ave  al- 
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ready  alluded  to.  Mach  that  is  to  be  found  in  it  is  fundamental 
and  must  form  a  part  of  any  systematic  arrangement  of  the  peo- 
ple of  Northwest  America.  It  was  practically  copied  by  Wehrmai^ 
in  TikbmeniefTs  History  of  the  Russian  American  Company. 
But  a  Russian  officer  by  the  name  of  Zagoskin  had  been  ordered 
to  the  Yukon  region  in  1848.  According  to  the  reports  of  those 
who  were  with  him,  this  man  was  extremely  lazy  and  inefficient. 
He  relied  in  great  part  on  the  ill-interpreted  information,  often 
partly  fabulous,  obtained  from  the  natives.  From  these  he  cooked 
up  accounts  of  journe3'8  never  made  and  maps  of  rivers  never  visit- 
ed, with  lists  of  tribes  who  never  existed  as  such  but  were  per- 
haps the  inhabitants  of  some  hamlet  of  three  huts  in  the  distant 
interior.  He  did  not  intentionally  misrepresent  the  people  or  the 
country  and  there  is  much  that  is  true  and  useful  in  his  report. 
However  he  desired  to  magnify  his  own  labors  and  researches  and 
in  the  way  indicated  succeeded  in  incorporating  much  that  was  er- 
roneous which  affected  the  work  of  Holmberg  and  others  who  took 
the  report,  as  it  stood,  as  a  foundation  for  their  studies. 

In  1839  Elia  Wossnessenski  reached  the  northwest  coast,  as  an 
agent  of  the  Imperial  Academy  of  Sciences  at  St.  Petersburg,  to 
make  collections  in  Al:iska.  Aided  by  the  Russian  American 
Company,  a  magnificent  ethnological  collection  was  made  in  du- 
plicate, of  which  one  series  went  to  Russia ;  the  other  was  re- 
tained in  the  Colonial  Museum  at  Sitka ;  the  remnants  of  this  have 
fortunately  found  a  resting  place  in  the  Peabody  Museum  at 
Cambridge,  after  some  curious  vicissitudes.  This  was  the  first  sys- 
tematic attempt  to  represent  the  arts  and  industries  of  the  Alaskan 
peoples  in  any  collection.  It  was,  of  course,  defective  in  regard 
to  the  interior  tribes  and  those  of  the  Arctic  coast,  but,  for  the 
tribes  accessible  to  the  Russians,  it  was  originally  very  complete 
and,  except  for  destructible  objects  made  of  skin  and  other  animal 
products,  still  remains  so.  The  progress  of  investigation  in  the 
direction  of  anthropology  received  a  check  by  the  breaking  out  of 
the  Anglo-Russian  war  of  1854-57,  and  came  to  a  standstill  with 
the  failure  of  the  Russian  American  Company  to  secure  a  renewal 
of  their  charter  in  1862.  After  that  expenses  were  curtailed, 
scientific  explorations  by  the  Russians  ceased,  and  the  civilized 
population  of  Alaska  carried  on  their  fur-trading  and  other  busi- 
ness in  a  mood  of  expectancy. 

In  1861,  Robert  Kennicott,  of  Chicago,  had  been  carried  by  the 
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fervor  of  his  inborn  love  of  science  far  into  the  inhospitable  north. 
Aided  by  the  Hudson  Bay  Company,  under  the  auspices  of  the 
Smithsonian  Institution,  he  penetrated  the  ten-itory,  then  known 
as  that  of  the  Hudson  Bay  Company,  to  its  extremest  trading 
post,  and  in  that  year  descended  the  Yukon  from  Fort  Yukon 
nearly  to  the  limits  of  Russian  exploration,  coming  from  the  op* 
posite  direction. 

After  his  return  the  projectors  of  the  international  telegraph, 
believing  from  repeated  failures  that  no  long  ocean  cable  would  be 
of  permanent  use,  called  upon  him  for  information  in  regard  to 
the  possibility  of  a  line,  with  a  very  short  cable  across  Bering 
Strait,  via  Arctic  America  and  Siberia.  After  some  negotiations 
it  was  determined  to  explore  for  such  a  line,  and  Kennicott,  in 
consideration  of  the  opportunities  for  the  scientific  exploration  of 
an  almos^  unknown  interior  region,  agreed  in  1864  to  direct  the 
work  in  what  was  then  Russian  America.  With  him  went  a  small 
band  of  young  men  actuated  by  the  same  spirit,  or  kindled  by  the 
inspiration  of  their  leader,  of  whom  Rothrock,  Bannister,  Elliott 
and  the  speaker  still  surviA'e. 

This  expedition  marked  the  dawn  of  a  third  era  for  the  investi- 
gation of  that  region.  The  expedition,  considered  in  its  com- 
mercial aspect,  was  a  failure,  but  the  explorations  it  set  on  foot 
bore  permanent  fruit.  The  parties  were  withdrawn,  in  1867,  after 
three  years  of  labor.  The  final  success  of  the  Atlantic  cable  ren- 
dered the  project  of  a  land-line  through  an  arctic  territory  no 
longer  advisable.  The  speaker  continued  his  work  there  for  an- 
other year  on  his  own  responsibility  and  at  bis  own  expense,  feel- 
ing that  unless  this  was  done  the  previous  work  would  be  only  too 
fragmentary  to  cover  the  plan  of  investigation  he  had  laid  out. 
Kennicott,  overcome  by  his  labors,  had  passed  over  to  the  major- 
ity. The  maps,  notes,  records  and  papers  of  the  expedition,  in 
the  haste  to  reduce  expenses  and  close  an  unprofitable  account, 
were  scattered  without  publication  and  little  profit  was  reaped  by 
the  public,  from  most  of  its  operations.  The  work  of  the  scien- 
tific corps,  however,  was  more  fortunate,  but  instead  of  appear- 
ing as  it  should  in  a  general  report  devoted  to  all  branches  of  the 
subject,  which  would  always  have  remained  a  standard  of  refer- 
ence, circumstances  compelled  its  publication  in  single  papers  in  a 
variety  of  journals,  or  in  works  intended  rather  for  the  public 
than  for  the  student. 
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The  close  of  our  work  was  soon  followed  by  the  purchase  of 
the  territory  from  Russia  by  the  United  States.  For  nearly  six- 
teen years  the  immense  region,  thus  acquired,  hung  in  the  political 
firmament,  like  Mahommed's  coffin,  neither  a  foreign  country  nor 
yet  on  the  solid  ground  of  a  legally  organized  territory  of  the 
Union. 

During  this  period,  recently  brought  to  a  close  by  the  establish- 
ment of  a  legal  government,  exploration  continued  more  or  less 
active.  The  agents  of  the  general  government  visited  many  parts 
of  the  territory.  The  emissaries  of  the  Smithsonian  Institution, 
inspired  by  Baird  and  Henry,  spared  no  endeavors  to  gather  and 
record  facts  bearing  on  all  branches  of  science. 

The  signal  service  established  meteorological  stations.  The 
Army  sent  officers  to  determine  the  northeastern  boundary  on  the 
Yukon.  The  Navy  visited  numerous  ports  and  brought  back  pre- 
cious documents  and  collections.  The  Revenue  Marine  contrib- 
uted, through  the  researches  of  its  officers,  an  immense  mass  of 
material  and  observation.  The  Coast  Survey  utilized  to  the  ut- 
most its  opportunities  and  with  satisfactory  success. 

Other  agents  of  the  United  States,  cither  as  revenue  or  census 
officers,  contributed  their  quota.  Something  was  gained  through 
the  Arctic  expedition  of  the  unfortunate  De  Long  and  the  others 
sent  to  rescue  or  discover  the  fate  of  his  party. 

The  International  Polar  Station  at  Point  Barrow,  though 
planted  upon  the  most  inhospitable  soil,  has  borne  excellent  fruit, 
some  of  which  is  yet  to  be  made  publicly  accessible. 

Even  foreign  lands  have  contributed  to  the  work.  The  wonder- 
ful voyage  of  the  Vega,  with  her  wintering  on  the  adjacent  coast 
of  Siberia,  and* subsequent  visit  to  American  shores,  is  known  to 
every  one.  Pinart's  philological  tours,  the  admirable  work  done 
by  the  brothers  Krause,  and  the  indefatigable  journeys  of  Capt. 
Jacobsen,  cannot  be  overlooked. 

In  all  this  activity  there  was  of  course  much  inferior  work  done 
by  persons  unqualified  either  by  training  or  habits  of  accurate  ob- 
servation. Numerous  petty  agents  of  the  Treasury  have  reported 
from  time  to  time,  in  documents  of  fortunately  limited  circula- 
tion, some  of  which  reveal  to  the  student  official  Bunsbyism  of 
the  purest  breed. 

The  same  observation  has  been  repeatedly  made,  each  time 
announced,   in  good   faith,   as    new.    Explorations  over  routes 
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trodden  by  hundreds  of  predecessors  have  formed  the  sub- 
ject of  long  disquisitions,  and  rivers  to  be  found  on  every  respecta- 
ble map  of  the  last  thirty  years  have  been  reported  as  new 
discoveries  and  furnished  with  a  whole  set  of  new  names.  These, 
however,  are  the  faults  of  youthful  inexperience  and  enthusiasm, 
and  few,  even  of  these  publications,  but  have  contained  some  new 
and  welcome  facts.  They  would  hardly  be  worth  the  notice  of  the 
speaker  were  it  not  for  the  fact  that  they  form  pitfalls  for  the  in- 
experienced student  who  should  not,  because  it  is  new  to  him, 
suppose  that  the  anthropology  of  Alaska  is  still  a  virgin  field. 
Its  literature  in  fact  is  enormous  and  rapidly  increasing. 

The  era  which,  with  the  just  organized  government  of  the 
region,  is  now  fairly  begun,  differs  in  several  particulars  from  the 
one  just  described.  Tourists  have  found  that  the  magnificent 
scenery,  and  cool  even  summer  weather  of  the  southeast  Alaskan 
region,  may  be  reached  and  enjoyed  with  little  trouble  and  ex- 
pense. 

The  lavish  purchases  of  foreign  collectors  have  exhausted,  in 
many  localities,  the  whole  supply  of  genuine  old  carvings  and 
stone  implements.  It  was  announced,  not  long  since,  that  a  dealer 
at  Juneau  was  intending  to  import  a  good  stone-cutter  for  the 
winter,  to  supply  his  shop  with  stone  implements  for  the  summer 
trade  of  1885.  Wooden  carvings  and  similar  ^ ^curios"  are  now 
regularly  made  for  sale  to  tourists,  and  often  show  singular  modi- 
fications from  the  aboriginal  types. 

The  first  "inscribed  tablet"  was  forged  at  Sitka  in  1868.  It 
was  a  Phoenician  one.  We  may  look  for  a  large  crop  of  them  in 
the  future  should  the  market  prove  satisfactoiy. 

Nearly  every  traveller,  in  little  known  parts  of  the  world,  brings 
home  some  one  story  with  which,  half  in  jest,  he  gratifies  the 
natural  demand  for  the  marvellous,  on  the  part  of  his  acquaint- 
ances. These  stories  may  be  found  in  the  usual  proportion  in 
most  accounts  of  Alaskan  travel,  and  have  occasionally  been  trans- 
planted to  scientific  works  of  great  respectability. 

To  the  young  anthropologist  we  would  say  therefore,  that  when 
a  particularly  astonishing  "fact"  is  presented  for  his  considera- 
tion, it  is  an  excellent  occasion  to  fall  back  on  the  reserve  of 
scepticism  which  every  scientific  man  is  supposed  to  carry  in  a 
small  bag  somewhere  near  his  heart. 

The  missionary  who  has  begun  his  benevolent,  and  we  hope,  ul- 
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timately  fruitful  work  among  the  wild  tribes  of  Alaska,  frequently 
has  not  the  remotest  notion  of  the  wonderfully  complicated  and 
exact  system  of  ethical  philosophy  which  has  been  elaborated  by 
his  brown  brother,  and  the  rendering  thereof  in  his  letters  to  the 
missionary  paper  is  apt  to  be  more  graphic  than  accurate.  I  have 
seen  a  story  in  a  work  of  the  highest  reputation  to  the  effect  that 
a  favorite  dish  of  the  inhabitants  of  Kadiak  is  composed  of  a 
mixture  of  bears'  dung.  When  we  consider  that  the  nearest  ap- 
proach to  an  oath  in  the  native  dialect  is  to  tell  an  adversary  to 
^^eat  dung,"  the  value  of  such  a  statement  is  evident.  It  has 
probably  arisen  from  the  habit  of  the  Eskimo  of  making  k  sort  of 
salad  of  the  willow  bud  croppings  which,  at  certain  seasons,  are 
found  in  the  anterior  pouch  or  crop  of  the  reindeer,  where  they  are 
as-  clean  and  nearly  as  dry,  as  if  in  a  basket.  They  are  eaten 
for  medicinal  reasons  by  the  Innuit.  In  the  stovy  a  deer  has 
become  a  bear,  and  the  willow  buds  dung,  but  how,  it  is  difficult  to- 
imagine.  But  enough  on  this  topic ;  the  Indian  is  a  man  like  our- 
selves with  much  the  same  tendencies,  and,  except  where  his  pe- 
culiar ethics  bind  him,  a  parallel  to  his  love,  hate,  appetites  and 
aspirations  may  be  seen  not  fundamentally  modified,  in  those  of 
our  own  children. 

My  classification  of  1869^,  somewhat  enlarged,  was  republished 
in  ^"Alaska  and  its  resources"^  and  in  1877,  an  expanded  and  im- 
proved revision,  with  a  good  deal  of  added  information  and  syn- 
onymy, appeared  in  the  first  volume  of  Contributions  to  North 
American  Ethnology. ^  It  is  to  the  latter  that  I  refer  as  a  stand- 
ard of  comparisons  in  the  ensuing  summary  of  progress. 

Innuit. 

Western  Eskimo.  It  was  well  understood  by  me  in  1870,  and 
has  since  been  fully  confirmed,  that  most  of  the  Arctic  Innuit  are 
not  separated  into  tribes  in  the  same  sense  that  the  Indians  of  the 
United  States,  east  of  the  Mississippi,  were  at  the  time  of  their 
discovery,  nor  even  to  the  same  extent  as  those  Innuit,  south 

^On  the  distribution  or  ttic  native  tribes  of  Alaska  and  the  adjacent  territory.  Proc . 
Am.  Assoc.  Adv.  Sci.,  eighteenth  (Salem)  meeting,  pp.  262-273,  8".  Cambridge.  J.  Lov- 
ering,  1870. 

*  Alaska  and  its  resonrces,  by  W.  H.  Dall,  xii,  628  pp.  8".  Boston,  Lee  &  Shepard, 
1870. 

*  On  the  distribntion  and  nomenclature  of  the  native  tribes  of  Alaska  and  the  adja- 
cent territory.  Conlr.  to  Am.  Ethn.Vol.  1,  pp.  7-40,  4'.  Washington,  Government  print- 
log  office,  1877.    The  manuscript  was  actually  prepared  for  the  printer  in  1875. 
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from  Kotzebue  Sound  on  the  northwest  coast.  Terms  were  used 
to  indicate  the  groups  of  Innuit  geographically  separated  from 
each  other  by  a  i^tretch  of  unoccupied  coast  and,  for  convenience, 
these  terms  were  referred  to  as  tribes.  This  is  practically  their 
own  fashion.  The  people  are  all  known  as  Innuit,  those  from  a 
certain  quarter  have  a  special  name,  and  those  from  each  village 
in  that  district  or  each  river,  have  a  still  more  special  name.  But 
there  are  no  chiefs,  no  tribal  relations  in  the  strict  sense,  and  the 
•only  distinction  used  among  the  people  referred  to  is  based  on 
their  locality  of  origin ;  they  freely  migrate  from  village  to  village 
or  district  and  are  not  regarded  as  foreigners,  though  the  obliga- 
tion of  free  hospitality  is  not  felt  to  be  binding  in  regard  to 
strangers  from  a  distance,  long  domiciled  in  another  than  their  na- 
tive village.  We  have  no  new  information  from  the  Kopagmut 
(Z.c.jp.lO)  nor  from  the  people  of  the  Colville  river,  except  a  few 
notes  derived  from  the  Point  Barrow  people  by  Prof.  John  Murdoch 
during  his  sojourn  at  Cape  Sraythe,  as  a  member  of  Lieut.  Ray's 
part}',  on  duty  at  the  International  Polar  Station  known  as  Ugla- 
ami.  In  the  course  of  his  admirable  ethnological  investigations 
he  found  that  the  Point  Barrow  people  have  the  habit  of  using 
the  plural  rather  than  the  collective  form  of  the  designation  for  a 
particular  people,  and  call  those  of  the  Mackenzie  river  district 
by  the  term  Kiipung'-mi-un  (Kopagmut)  and  those  of  the  Colville 
Kiing-miid'-ling  (Kung-maligmut).  The  Point  Barrow  people  call 
themselves  and  are  called  by  the  other  Innuit,  ]Nu-wung-mi-un 
(Nu-wuk-mut,  people  of  the  point).  They  call  the  people  of  the 
Nunatok  river  Nun-a-tan'-mi-un  (Nunatagmut)  and  call  the  In- 
dians of  the  interior  (Kut-chin)  It-kud'-ling,  which  is  probably 
(like  In-ka-lit  of  the  more  southern  Innuit)  a  term  of  reproach  or 
contempt. 

For  the  people  of  Point  Barrow,  Mr.  Murdoch  and  the  other 
members  of  Lieut.  Ray's  party  obtained  rich  ethnological  data 
which  are  in  process  of  publication. 

Some  interesting  facts  have  also  been  gathered  by  Capt.  Hooper 
of  the  U.  S.  Revenue  cutter  Corwin  during  several  visits  to  Point 
Barrow.  As  a  whole,  we  shall  soon  be  in  possession  of  very  full 
information  in  regard  to  this  isolated  band. 

Of  the  Nunatakmut  we  have  nothing  since  1877,  and  of  the 
Ku-agmut  (Kowagmut,  op.  cit.  p.  12)  only  a  few  facts  collected 
by  Lieut.  J.  C.  Cautwell  of  the  U.  S.  Revenue  Marine,  during  his 
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exploration  of  the  river  in  1884.  He  reports  that  the  local  name 
of  the  river  is  Ku-ftk  not  Kovrak,  as  generally  adopted  ou  the 
charts.  From  Lieutenant  Stoney  who  followed  him,  and  who  has 
since  returned  to  the  region  to  carry  on  a  more  extensive  explora- 
tion, a  large  addition  to  our  knowledge  of  these  Innuit  may  be 
expected  in  the  near  future. 

Of  the  Innuit  from  Kotzebue  Sound  around  to  Norton  Sound 
little  bearing  on  their  classification  or  language  has  been  gathered 
since  1877.  The  observations  of  Nordenskiold  and  the  Veffa 
party  at  Port  Clarence  in  1879,  and  of  the  speaker  in  charge  of 
the  U.  S.  Coast  Survey  party  in  1880,  at  Port  Clarence  and  the 
Diomedes,  as  well  as  Kotzebue  Sound  and  the  Asiatic  coast  near 
by;  of  Hooper  in  the  Corwin,  1878-80;  of  the  Jeannette  expedi- 
tion in  1879,  have  added  numerous  facts,  but  little  bearing  on 
their  distribution  or  classification,  which  was  not  alread}*  known. 

Yuit;  Asiatic  Eskimo.  The  most  interesting  people  of  the  re- 
gion adjacent  to  Bering  strait  are  the  Asiatic  dwellers  on  the  coast, 
part  of  whom  belong  to  the  Korak  race  and  part  to  the  Orarian  group 
of  people.  In  no  other  ethnic  group  of  the  region  has  research 
been  better  rewarded  since  1877.  We  have  the  admirable  observa- 
tions of  the  Vega  party,  the  arduous  explorations  of  Arthur  and 
Aurel  Krause,  and  some  observations  .of  my  own,  all  of  which 
taken  together  have  done  much  to  clear  up  one  of  the  most  knotty 
ethnological  puzzles  of  the  northern  regions.  I  give  the  results 
in  brief  as  my  time  is  not  sufl3cient  to  go  into  details.  The  Asiatic 
coast  presents  us  with  the  Tsau-yu  (plural  Tsau-yuat)  or  Tsau-chu, 
a  people  of  Korak  extraction,  commonly  known  as  sedentar}'^ 
Chukchi,  who  have  lost  their  reindeer  and  settled  upon  the  coast, 
adopting  from  their  Innuit  neighbors  much  of  their  peculiar  culture, 
but  not  their  language.  These  people  bear  about  the  same  rela- 
tion to  the  wandering  or  reindeer  Chukchi  that  the  fishing  or  farm- 
ing Lapps  do  to  the  Mountain  Lapps  of  Lapland.  Among  them, 
with  their  little  villages  sometimes  side  by  side,  are  to  be  found  the 
Asiatic  Innuit,  who  call  themselves  Yuit  (by  local  corruption  of  the 
race  name)  and  who  present  essentially  the  features  of  the  Western 
Innuit  of  America,  with  some  local  differences.  They  migrate  with 
the  seasons  from  Cape  Oliutorsk  to  East  Cape  ;  their  most  northern 
permanent  village  as  far  as  known  is  at  the  latter  point.'*     The 

^The  Census  Map  is  erroneous  in  regard  to  their  distribution  south  westward. 
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Tsan-cbu  extend  along  the  northern  coast  of  Siberia  moch  farther 
north  and  west.  The  two  races  are  friend I3',  there  is  some  inter- 
mingling of  blood  by  marriage  and  a  jargon  containing  words  of 
both  dialects  is  used  in  common ications  between  them.  In  my 
opinion,  however,  it  is  very  necessary  to  keep  in  view,  that  the 
cnltnre  of  the  Tsan-chu,  so  far  as  it  differs  from  that  of  the  wan- 
dering Chnkchi,  is  distinctly  a  derivative  from  that  older  culture 
of  the  Innuit  race,  though  the  arctic  people  of  both  hemispheres  and 
all  races  have  much  in  common,  due  to  their  environment.  The 
word  Chukchi  has  been  so  misused  that  it  is  almost  meaningless, 
but,  in  the  strict  aufl  accurate  meaning  of  the  word,  there  are  no 
Chukchi  on  the  American  coast,  as  has  been  asserted.  That  er- 
ror arose  from  the  confusion  between  the  Innuit  and  Yuit  on  the 
one  hand  and  the  Tsau-chu  on  the  other. 

Southwestern  Innuit.  Of  the  Innuit  people  on  the  American 
coast  at  Norton  Sound  and  southward  to  the  Peninsula  of  Aliaska, 
not  much  additional  information  has  been  made  public  since  1877 
bearing  on  their  classification.  That  in  the  Report  on  Aliaska 
comprised  in  the  publications  of  the  U.  8.  Census  of  1880  is  retro- 
grade in  many  particulars  rather  than  an  advance,  being  the  work 
of  a  person  unqualified  for  the  task.  Magnificent  collections  bear- 
ing on  the  culture  of  these  people  have  been  made  by  Turner,  £• 
W.  Nelson,  W.  J.  Fisher,  C.  H.  Mackay  and  others,  and  have 
been  received  by  the  U.  S.  National  Museum.  But  the  unfortu- 
nate ill  health  of  Mr.  Nelson  and  other  circumstances  have  delayed 
the  publication  of  his  rich  and  valuable  observations.  A  good 
deal  has  also  been  done  in  the  way  of  collections  on  the  island  of 
St.  Lawrence  by  Hooper  and  Nelson  and  in  the  Aleutian  Islands 
by  Turner,  Dall  and  others. 

With  regard  to  the  tribal  limits  of  the  Western  Innuit,  geograph- 
ically considered,  they  are  very  mutable  and  especially  in  recent 
years  are  constantly  changing  in  small  details.  This  arises  from 
the  fact  that  the  geographical  group  which  we  have  called  a  tribe 
among  the  Innuit,  and  for  which  in  some  cases  they  have  a  special 
designation,  is  not  a  political  organization  headed  by  a  chief  or 
chiefs,  but  simply  a  geographical  aggregation  of  people  who  have 
by  possession  obtained  certain  de  facto  rights  of  hunting,  fishing 
etc.,  over  a  certain  area.  The  jealousy  of  adjacent  groups  keeps 
the  imaginary  boundary  line  pretty  well  defined  through  fear  of 
reprisals  should  it  be  violated.     When  the  whites  come  in  with 
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trade  and  established  posts  all  over  the  region,  they  also  use 
their  power  to  put  down  any  conflicts,  which  are  always  injurious 
to  trade.  The  boundaries  now  violable  with  impunity  fall  into  ob- 
livion and  the  more  energetic  hunters  and  trappers  go  where  they 
choose.  In  this  manner  the  geographical  group  names  I  have  de- 
scribed are  ceasing  to  have  any  serious  significance  and  every  new 
ethnographical  visitor  will  find  himself  unable  to  make  the  ancient 
boundaries  correspond  to  the  distribution  of  the  moment.  Never- 
theless, in  a  general  way  the  old  maps  such  as  that  of  1877  still 
indicate  the  focus  of  the  former  group  or  tribe  and  doubtless  will 
long  continue  to  do  so.  The  Innuit  tribes  on  the  Kuskokwim  have 
been  found  by  Nelson  to  extend  farther  up  the  river  than  was  sup- 
posed in  1877,  reaching  nearly  or  quite  to  Kolmakoff  trading  post. 
The  advance  up  the  Yukon  shown  on  the  census  map  is  recent,  if 
authentic.  The  St.  Lawrence  Island  people  are  more  neady  relat- 
ed to  the  Innuit  of  the  American  coast  than  to  those  of  Asia, 
though  their  commerce  is  with  the  latter  and  with  their  Korak 
neighbors.  As  regards  the  Innuit  of  the  region  between  the  Ko- 
yukuk  River  and  the  Selawik  River,  the  miscegenation  indicated  by 
the  census  map  has  no  foundation  in  fact.  The  ert*or  doubtless 
arose  from  the  permission  accorded  by  the  Innuit  to  special  par- 
ties of  Tinneh  to  come  into  and  through  the  territory  of  the  former, 
for  purposes  of  trade.^  The  north  shore  of  the  peninsula  east  of 
Port  Moller  is  represented  by  the  census  map  as  occupied  by  the 
Aleuts  or  Unungun.  The  region  is  really  not  inhabited,  except 
for  a  few  temporary  hunting  stations,  except  by  typical  Innuit. 
Notwithstanding  these  and  many  other  erroi*s  in  this  compilation, 
it  is  probably  correct  in  extending  the  area  of  Tinneh  about  Sela- 
wik Lake,  which  is  a  useful  addition  to  our  knowledge.  In  1880 
while  visiting  Cook's  Inlet  I  was  enabled  to  determine  the  essential 
identity  of  the  native  Innuit  of  Kenai  with  those  of  Prince  William 
Sound  though  among  them  were  many  Koniag^mut  brought  there 
for  purposes  of  trade  in  hunting  the  sea-otter. 

With  regard  to  the  Aleuts,  the  degree  of  civilization  to  which 
they  have  attained  is  very  promising.  The  people  are  not  scat- 
tered over  the  archipelago  except  in  their  hunting  parties.  In  the 
western  Aleutian  Islands  the  only  permanent  villages  are  at  At- 
tn and  Atka  Islands.    The  division  into  groups  is  rather  a  matter 

*  The  first  white  men  to  yisit  this  re;?ton  were  J.  S.  Dyer  and  Richard  Cotter  in  1866. 
Zag08kin*s  alleged  Journey  was  fabulous  and  concocted  by  him  in  the  Nuluto  trading 
post.   Jacobsen  and  Woolfe  have  since  made  the  trip  and  perhaps  others. 
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of  tradition  than  of  actaality ;  practically  they  are  as  much  one 
people  as  those  of  two  adjacent  English  connties. 

The  easternmost  of  the  Innuit  people  are  the  Chug&chigmut  of 
Prince  William  Sound.  At  their  eastern  limit  there  has  long  been 
a  confusion,  which  I  supposed  I  had  cleared  up  in  1874  but  which 
has  only  been  finally  regulated  by  information  received  from  the 
brothers  Krause  and  obtained  by  myself  in  1880.  The  census 
agent  wlio  visited  them  in  1881  was  frightened  by  some  boisterous 
demonstrations  and  departed  in  the  night  in  a  small  canoe ;  aban- 
doning his  equipage,  after  a  stay  of  some  forty-eight  hours.  Con- 
sequently very  little  information  was  obtained  by  him  and  that  of 
an  uncertain  character. 

Three  stocks  approximate  to  each  other  at  this  point,  the  Chii- 
gachigmut  Innuit,  the  Tinneh  of  Cop|)er  River,  and  the  Chilkaht 
tribe  of  Tlinkit.  The  latter  have  a  precarious  traffic,  coastwise ; 
a  few  canoes  annually  reaching  the  Cbilkaht  village  (sometimes 
called  Chilkhaak)  at  Controller  Bay  by  the  dangerous  voyage  from 
Yakutat.  But  another  path  lies  open  to  them,  at  least  at  times. 
One  of  Dr.  Krause's  Indian  guides  informed  him  that  he  had  de- 
scended the  Altsekh  river  (a  branch  of  the  Atna  or  Copper  river) 
which  heads  near  the  Cbilkat  River  at  the  head  of  Lynn  Canal,  to 
a  village  of  his  own  tribe  at  its  mouth  on  the  seacoast.  Of  the 
visits  of  the  Ah-tena  tribe  of  the  Tinneh  I  have  had  personal 
observation  and  that  the  Chugachigmut  pass  by  them  to  the 
Kayak  Island  in  summer  all  authorities  are  agreed.  This  inform- 
ation explains  the  confusion  of  previous  evidence  and  shows  why 
the  vocabularies  have  sometimes  afforded  testiraonv  in  favor  of 
one  view  and  sometimes  of  anotlier.  A  jargon  is  probably  in  use 
in  communications  between  the  Tiinkit  and  the  Innuit.  That  any 
ethnic  intermingling  of  blood  has  taken  place  I  regard  as  too  im- 
probable to  be  worth  consideration,  having  had  personal  evidence 
of  the  fear  and  hate  existing  between  the  two  peoples.  There  is 
some  distrust  between  the  Tinneh  and  the  Innuit,  as  elsewhere,  but 
the  bold  and  aggressive  Tlinkit  have  committed  so  many  out- 
rages upon  tlie  timid  and  peaceable  Ciiugachigmut,  that  the  feel- 
ing there  is  of  a  much  more  bitter  character. 

I  have  elsewhere  stated  my  reasons  for  believing  that  the  Innuit 
formerly  extended  much  farther  to  the  south  and  east.  Nothing 
has  since  been  discovered  which  materially  affects  the  grounds  of 
this  belief  of  mine,  and  the  subject  is  an  interesting  one  for  future 
investigation. 


I 


ADDRESS   BT  W.   H.    DALL.  875 

Tlinkit  or  Ealoshians,  and  Ha  IDA. 

The  investigations  for  the  census  in  1880,  in  southeastern 
Alaska,  were  committed  to  Mr.  Miletich  of  Sitka,  who  deputized 
the  Rev.  S.  Hall  Young  and  some  of  the  other  missionaries  to  ob- 
tain the  number  and  distribution  of  the  native  inhabitants.^ 

This  work  done  by  men  of  education  and  intelligence,  whose 
interests  would  all  be  in  the  direction  of  accuracy,  has  given  us  a 
valuable  and  the  first  reliable  indication  of  the  geographical  dis- 
tribution of  the  smaller  groups  of  the  Tlinkit  within  our  territory. 
Whether  these  groups  are  entitled  to  rank  as  tribes,  or  whether 
they  do  not  rather  correspond  to  clans  or  to  purely  geographical 
divisions,  subordinate  to  those  indicated  in  1877  I  am  as  yet  un- 
able to  determine.  Doubtless  the  work  which  Dr.  Krause  is  un- 
derstood to  have  in  hand  will  give  us  praiseworthy  and  final  data 
upon  the  subject.  Tlie  most  interesting  result  of  the  census  work 
was  the  extension  of  the  range  of  the  Haida  to  the  northern  end 
of  Prince  of  Wales  Island.  In  this  we  have  a  new  fact  properly 
authenticated,  and  for  which  we  are  grateful. 

Several  books  have  been  published  by  the  missionaries  on  their 
life  in  Alaska,  most  of  which  do  not  contain  much  of  value  to 
the  ethnologist ;  with  greater  knowledge  and  experience  we  may 
hope  for  something  more  satisfying. 

The  most  important  contributions  to  our  knowledge  of  the  peo- 
ple and  culture  of  this  part  of  Alaska  since  1875,  is  due  to  the 
labors  of  Drs.  Arthur  and  Aurel  Krause  which  are  too  well  known 
for  me  to  need  to  specify  them  in  detail. 

Mr.  J.  G.  Swan,  of  Washington  Territory,  has  made  extensive 
and  valuable  collections  for  the  National  Museum  both  from 
southeastern  Alaska  and  the  region  south  and  east  of  it  in  British 
Columbia. 

Dr.  Friedrich  Miiller  has  devoted  much  study  to  the  Tlinkit 
language  and  has  published  observations  on  their  verb.  Dr. 
A.  Pfizmaier  has  pursued  investigations  in  the  same  direction  ; 
both  of  these  rest  their  work  chiefly  on  the  classical  study  of  the 
Kaloshians  by  Veniaminoff.  But  it  is  impracticable  in  an  achlress 
of  this  sort  to  attempt  too  close  an  investigation  or  record  of  de- 
tails. 

*Thi8  has  not  been  stated  by  the  compiler  of  the  final  census  repoi-t,  who,  never- 
theless, if  I  am  correctly  informed,  was  entirely  dependent  upon  these  sources  for  all 
that  is  new  and  valuable  in  regard  to  southeastern  Alaslta,  embodied  in  the  said  re- 
port. 
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To  the  knowledge  of  these  people  in  Alaska  little  or  nothing  has 
been  added  of  late. 

The  Kiin-un-ah'  or  Stick  Indians,  who  inhabit  the  Lewis  branch 
of  the  Yukon  heading  near  the  Lynn  Canal,  have  been  visited  by 
numerous  parties  of  whites,  and  lately  by  Lieutenant  Schwatka, 
who  has  given  some  interesting  details  as  to  the  life  and  condi- 
tion of  these  Lidians,  and  especially  of  those  lands  on  the  lyon 
(Hai-an,  Ayan,  etc.,  whence  Hai-ankutchin  or  Han-kutchin,  the  lat- 
ter probably  a  corruption  of  the  former)  river  and  the  upper  part 
of  the  Yukon,  about  which  so  little  has  been  known. 

I  was  able  to  definitely  determine,  during  my  visit  to  Cook's 
Inlet  in  1880,  the  proper  name  of  the  Tinueh  tribe  which  live  on 
its  shores ;  the  K*nai-akhotana  (Knaitse  or  Kenaitze  of  the  Rus- 
sian, Tinnats  by  corruption  ;  Tehaninkutchiu  of  the  Yukon  tribes 
north  of  them)  whose  range  was  determined  by  Petroff  to  include 
and  surround  the  great  I  Ham  n  a  Lake. 

There  has  been  for  two  seasons  a  military  party  endeavoring  to 
ascend  the  Atna  or  Copper  river  from  the  sea.  Doubtless  the  re- 
port on  the  country  and  people  which  we  may  expect  from  them 
on  their  return  will  be  replete  with  greatly  needed  ethnological  as 
well  as  geographical  information. 

Adjacent  tribes. 

In  closing  my  sketch  of  progress  in  anthropological  knowledge 
in  the  far  northwest,  I  cannot  omit  (though  somewhat  beyond  our 
boundaries)  calling  your  attention  to  the  valuable  work  of  Dr. 
Geo.  M.  Dawson  of  the  Canadian  Geological  Survey.  He  has 
published  an  admirable  monograph  on  tlie  Haida  of  Queen  Char- 
lotte Islands,  and  in  connection  witii  the  veteran  Dr.  W.  F.  Tol- 
mie,  a  series  of  comparative  vocabularies  of  the  British  Columbian 
tribes,  illustrated  by  a  map  of  their  distribution.  This  fills  a  gap 
in  ethnographic  maps  which  has  long  reproachfully  appealed  to 
the  eye  of  the  student,  and  for  the  first  time  renders  possible  a 
general  discussion  of  Northwest  American  tribes. 

We  should  not  forget,  however,  that  our  knowledge  is  still  for 
the  most  part  approximate,  especially  in  regard  to  what  are  called 
tribes,  and  that  a  really  comprehensive  treatment  of  this  branch 
of  the  subject  must  be  reserved  for  more  precise  data  still  to  be 
collected. 
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Well  knowing  the  defects  of  nnuch  that  has  been  done  by  myself 
and  others,  and  that  numerous  corrections  are  to  be  anticipated 
from  impartial  criticism  in  the  future,  I  have  in  the  preceding 
sketch  avoided,  as  much  as  might  be,  destructive  criticism,  how- 
ever tempting  the  opportunity.  To  this  rule  I  have  been  forced 
to  make  an  exception  in  regard  to  an  imposing  official  document 
included  in  Vol.  VIII  of  tiie  recent  monographs  of  the  census  of 
1880.  I  felt  this  to  be  due  to  students,  who  might  well  be  excused 
for  supposing  such  a  work  to  contain  the  last  word  on  the  subject 
of  which  it  treats,  especially  as  it  does  contain  a  large  amount  of 
compiled  material  from  respectable  sources. 

An  outline  of  the  tribes  as  at  present  recognized  is  appended ; 
when  the  limits  of  1877  still  hold  good,  only  that  date  follows  the 
name.  Synonymy  is  only  attempted  when  necessary  to  clear  up 
some  misunderstanding.  The  term  tribe,  as  will  be  understood 
from  the  foregoing,  is  used  only  in  a  tentative  manner. 

Orarians. 

Innuit  stock. 

(Nortli western  Innuit.) 

Kop&g'-mut,     1877."''  Estimated  population.        

Kang-maiig'mut,     1877.8  ^ 

^'uwuk-mut,     1877.9  I 

Nunatog'mut,     1877.io  j  * 

Ku-ag'mut,  1877.ii  J 

(Asiatic  Innuit.)  ■ 

Yuit.i9 

(Island  Innuit.) 
Imah.kli-mQt.^3  


Ing.uh-kli-mut.i*  40? 

Shi-wo-kug-mut.i5  150? 

7  Erroneously  located  on  ceivsns  map.    Population  for  Alaska  only. 

"Erroneously  omitted  from  census  map. 

*Thi8  term  applios  only  to  the  Point  Barrow  people,  but  they  are  not  differentiated 
A'om  others  as  far  southeast  as  Point  Hope.    See  op,  cU.  1877,  p.  11. 

s®  Range  very  erroneously  extended  without  data,  on  the  census  map.  It  would  ap- 
pear fk'om  the  reports  of  Curtwell  and  Stoney  that  on  the  Ku-&k  or  Kowak  river  is  the 
most  numerous  band  of  the  area  embraced  under  the  name  on  that  map. 

>tKowag'mut,  1877.    These  practically  include  Selawigmut. 

>' Chukluk-miit,  1877.  Southern  range  incorrectly  indicated  on  census  map.  No- 
gwfih-mut  at  East  Cape. 

>*  Big  Diomede  Island  people. 

>*  Little  Diomede  Island  people. 

u  St.  Lawrence  Island  people,  Kikh-tdg-a-miit  of  1877. 
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(Western  Inuiiit.) 
Kaviftg'-niut,  1877.16 
Mah'-le-mut,     1877.»7 
Un-alig'-raut,  1877. 
Ikog'-mut,  1877.18 
Mag'eraut.i® 
Kai-a  li<^-mut. 
Kiiskwog'mut.^ 
Nushagag'-mut,2i  1877. 
Oglemut.22 
K&niag'mut.^ 
Chu-gach'igmut.^'* 


14,500? 


Uniingun,  1877. 


(Aleutians) 


2,200? 


Indians. 

Tinneh  or  Athabaskan  stock. 
(Western  Tinneh. )25 

Kai'-3'tih-kho-ta'na,  1877. 
Ko-yu'-kiikii-o-ta'-na,  1877. 
Un'-a  kho-ta'-na,  1877. 

(Kutcliin  tribes). 
Ten'an'.kut-cbin',  1877. 
Tennuth'-kut-chin',  1877. 
Tat-sali'-kiit-chin'  1877. 


1 


2,000? 


700? 
Extinct. 
Extinct. 


i*King-i'-gamut  of  the  census  map  refers  only  to  the  people  of  the  village  at  Cape 
Prince  of  Wales.    See  op.  cU,  p.  16. 

^^  Range  erroneously  extended  north  of  Selawik  Lake  on  the  census  map. 

1*  E  kogmut  of  1877,  but  the  present  spelling  is  preferable. 

»The  Nunivnk  people,  nt  least  on  the  north  coast,  call  themselves  Mftgemut.  The 
Eaialigraut,  according  to  Nelson,  are  interposed  on  the  mainland  between  the  northern 
Mftgemiit  and  the  Ktiskwogmiit. 

>°  The  Kfiskwdgmiit,  according  to  Nelson,  extend  inland  to  Kolmakoff  redoubt  on 
the  Kuskokwim  river. 

3^  This  name  covers  the  Ching-ig'-miit  and  Togi&g'-mut  of  the  census  map.  There 
seems  to  be  little  differeutiatlon  between  these  bands. 

*>  Tlie  Agle-mtit  of  some  authorities  (op.  cit.  1877.  p.  19).  According  to  Petroff,  the 
Tinneh  arc  interposed  between  them  and  the  south  shore  of  lliamna  Lake.  They  extend 
southeastward  to  the  mountains  of  the  peninsula  and  range  westward  at  times  to  Port 
M611er. 

'•With  the  boundaries  of  1877,  except  the  end  of  Kenai  peninsula. 

^*  From  the  western  extreme  of  Kenai  peninsula  to  the  mouth  of  the  Copper  or  Atna 
river  and  Kaye  or  Kayak  Island. 

*^ln  so  far  as  the  classiflcation  of  the  Western  Tinneh  of  the  Census  Report  differs 
from  that  of  1877,  it  is  a  falling  back  on  the  earlier  state  of  conftision  which  prevailed 
before  the  collection  of  data  on  which  the  work  of  1877  was  based.  The  word  Kal-chana 
used  in  tliat  report  is  not  an  Indian  word  at  all  but  a  colonial  Russian  expression  used 
of  any  interior  Tinneh  with  whom  they  were  little  familiar. 
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Kutrcha'-kiit-chin',  1877. 
Natsit'-kut-chin,  1877. 
Vunla'-kiit.chin',  1877. 
Hai-an'-k  u  t-chin'.2^ 
Tut-chohn'-kut-chin  (?)  1877. 

(Eastern  Tinneh.)                                  614 
K'nai'-a-kho.  tana.27                                                                    250  ? 
Ah-tena',  1877.  

Abba-to-tenah,  1877. 

Acheto-tinneh,  1877. 
Khun.un-ah'.29 


(Nebauneea.)28 


(Carriers.)  30 


''Takiilli."  

T'silkotinneh. 

Tlinkit  or  Kaloshian  stock. 
Chilkaht-kwan.3i  1314 

Y&k-u-tat',  1877.  500? 

Sit-ka-kwan,  1877.  \ 

Stakbin-kwan,  1877.32  I   4949 

Skut-kwan  (?)  Dawson,  1884.  ) 

Haida  stock.  788 

Haida.33 

Tsimpsi-an'  stock. 

Tsimp-si-an'.  

Tbis  terminates  tbe  list  of  tribes  in  or  immediately  adjacent  to 
Alaskan  territory.  For  furtber  material  tbose  interested  are  re- 
ferred to  Tolmie  and  Dawson. 

MHan'-kfitchin  of  1877.  Their  range  should  be  extended  to  Fort  Selkirk  on  the 
Yukon  and  the  lower  part  of  the  lyon  (or  Ai-an)  river  (see  Coast  survey  map  of  Alaska, 
1884)  though  their  settled  villages  are  on  the  lower  part  of  this  range  as  indicated  in 
1877.  The  TUt-chone'  kttt-chin  of  1877  move  in  a  similar  manner,  up  stream  for  the 
hunting  and  down  stream  for  the  fishing  season.  It  is  probable  some  of  the  little  known 
tribes  grouped  in  1877,  under  the  name  of  Nehaunees,  will  require  to  be  consolidated  as 
perhaps  different  names  for  the  same  tribe. 

97  Verified  personally  in  1880.    Tehanin'  kiitchin  of  1877. 

>*Tbe  tribes  under  this  head  are  only  provisionally  classified  as  in  1877. 

"Stick  Indians  of  the  traders.  Inhabit  the  basin  of  the  Lewis  Biver  and  trade  with 
the  Chilkahtkwan.    They  are  Nehaunees  E.  and  F.  of  1877. 

*(>Tbe  tribes  of  British  Columbia  are  quoted  from  Dawson  and  Tolmie  (op,  eit.  1884.) 

"To  their  distribution  in  1877  must  be  added  their  colony  at  the  mouth  of  the  At-na 
Biver.    See  preceding  pages  of  this  address.    Chilkaak  and  Chilkaat  of  Census  Map. 

*3The  local  septs  or  subdivisions  are  named  in  ttie  report  of  1877  (p.  38)  and  probably 
more  fully  indicated  as  to  boundaries  on  the  Census  Map. 

*>The  corrected  area  in  Alaska  occupied  by  these  people  has  been  referred  lo  and  Is 
indicated  on  the  Census  map.  These  people  evidently  form  a  separate  family,  allied  to 
the  Tiinklt;  Kal-gah-ni  of  1877  is  the  name  of  a  local  £ept.   For  others  see  Pawfcc. 
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FbRMANBNCB     of       EA.RLT     IrOQUOIS       CLANS      AND     SACHEMSHIPS. 

By  Rev.  W,  M.  Beacchamp,  Baldwinsville,  N.  Y. 

Besides  the  direct  advantages  of  the  League,  many  have  thought 
that  the  Iroquois  tribal  system  evinces  wonderful  foresight,  and 
have  readily  believed  that  the  names  and  apportionment  of  the  sa- 
chems, as  well  as  the  principal  ceremonies,  continue  as  they  were 
at  first.  This  is  to  suppose  that  a  few  savages,  hundreds  of  years 
ago,  conceived  and  established  an  intricate  political  and  social 
system,  with  wise  checks  and  powers,  needing  little  improvement 
and  adapted  to  every  emergency.  Wise  regulations  there  certain- 
ly were,  but  their  antiquity  and  origin  may  well  be  questioned. 

Impressed  with  the  practical  nature  of  much  that  is  real,  we  may 
become  enthusiastic,  and  find  more  foresight  and  permanence  than 
actually  exist.  This  appears  in  accounts  of  the  totems  and  tribes 
and  the  limitation  and  perpetuation  of  the  sachem's  office.  The 
tribal  division  is  indeed  curious  and  interesting,  but  too  much  may 
be  claimed  for  it.  The  subject  has  an  historic  interest,  but  its  main 
importance  is  in  showing  that  the  originator  of  the  Iroquois  League 
was  not  a  striking  anomaly  in  savage  life. 

The  Iroquois  confederacy  seems  originally  to  have  been  a  loose 
union  of  the  Five  Nations,  gradually  becoming  firmer,  ^hen 
Champlain  went  against  the  Onondagas  in  1615,  there  was  no  fear 
that  the  neighboring  Oneidas  would  come  to  their  aid.  When  the 
French  colonists  set  out  from  Quebec,  in  1656,  the  Mohawks  mal- 
treated their  Onondaga  escort,  and  the  dread  of  a  war  with  that  na- 
tion alone  moderated  their  violence.  In  return,  the  Onondagas 
plundered  a  party  of  Mohawks  farther  up  the  river.  The  same  year 
the  Onondagas  convoked  the  allied  nations,  ^^  to  reconcile  the  Mo- 
hawks with  the  Senecas,  who  were  on  the  point  of  commencing  a 
war."  The  nature  of  the  union  was  so  little  conspicuous,  that  the 
Dutch  long  spoke  of  them  only  as  the  Mohawks  and  Senecas,  con- 
sidering the  Oneidas  as  the  first  division  of  the  latter. 

(381) 
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The  powers  of  the  Grand  Council  at  first  were  very  limited. 
"  Every  year,"  said  a  French  missionary,  "  they  hold  a  general  as- 
sembly at  Onondaga,  where  ail  the  deputies  of  the  other  nations 
meet  to  make  their  complaints,  and  receive  the  necessary  satis- 
factions, by  mutual  presents,  by  which  they  best  keep  on  good 
terms  with  each  other. "  Every  nation  made  war  or  peace  for  itself. 
The  Grand  Council  simply  removed  grievances,  though  sometimes, 
and  gradually  more  and  more,  treating  of  general  dangers  and  ad- 
vantages. 

Aside  from  this,  were  Iroquois  institutions  strictly  permanent? 
No  one  who  studies  the  history  and  customs  of  that  interesting 
people  will  assert  this   except  in  a  general  way.     Remembering 
many  influences  within  and  without,  we  are  prepared  for   great 
changes.     Wampum  appears  in  all  their  councils  in  historic  times, 
and  yet  it  is  certain  there  was  an  earlier  period,  when  they  knew 
nothing  of  this.     It  is  an  absurdity  to  date  any  existing  belt,  as 
early  as  the  formation  of  the  League.     The  pipe  of  peace  is  popu- 
larly supposed  to  have  figured  in  all  their  councils,  as  smoking 
certainly  did  ;  but  in  the  early  part  of  the  last  century  some  western 
Indians  explained  its  meaning  to  the  Iroquois,  as  though  it  were 
new  to  them.     Their  burial  customs  changed  greatly,  and  their 
present  feasts  and  dances  are  not  always  those  of  the  olden  time. 
The  great  white  dog  feast,  in  its  leading  features,  seems  to  have 
been  known  only  to   the  Senecas  one  hundred  3'ears  ago.     The 
Jesuits  first,  and  Con-ya-tau-you  afterwards,  twice  revolutionized 
their  religious  system.     Their  mode  of  building  degenerated  ;  the 
early   and  late   stockades  were  not  alike,  and  the   use  of  guns 
changed  warfare.     They  no  longer  wore  defensive  armor,  or  de- 
pended on  bows  and   arrows.     Clothing,  cooking  and  agriculture 
were  not  as  of  old. 

And  these  things  happened  naturally,  through  intercourse  with 
the  French  and  English  and  war  with  distant  nations.  They  saw 
many  tribes  and  customs,  and  adopted  other  Indians  by  hundreds. 
Large  villages  of  the  captive  Hurons  were  placed  among  the  Cay- 
ugas  and  Senecas,  and  multitudes  of  Hurons,  Eries  and  Neutrals 
were  received  by  the  others.  One  object  of  war  was  to  gain  strength 
by  adopting  captives.  To  say  that  all  this  produced  no  change  in 
laws  and  customs  is  to  fly  in  the  face  of  all  experience.  The 
wonder  is  that  aught  of  Iroquois  character  remained. 

The  Totemic  Bond,  as  it   is  sometimes  called,  has  naturally 
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awakened  admiration  by  its  results.  In  a  broad  way,  it  may  be 
said,  tliat  in  each  confederate  nation  were  certain  tribes  or  clans, 
who  were  brothers  wherever  they  met.  The  Mohawk  Bear  was  re- 
ceived and  aided  by  the  Cayuga  Bear ;  the  Oneida  Turtle  by  the 
Seneca  Turtle.  In  each  nation,  also,  some  tribes  of  differing  to- 
tems were  brothers,  somewhat  as  in  the  nations,  the  Mohawks, 
Onondagas  and  Senecas  were  Elder  Brothers,  and  the  others 
Younger.  These  things  caused  a  bond  which  was  not  merely  na- 
tional, and  seems  a  wise  plan,  if  at  first  it  was  a  plan  at  all.  But 
tribes  and  totems  varied  in  the  different  nations,  and  what  becomes 
of  original  design,  when  a  tribe  in  one  finds  no  corresponding 
tribe  in  another? 

Were  these  clans  the  same  at  all  times?  In  his  ^^  League  of  the 
Iroquois,"  Mr.  L.  H.  Morgan  names  eight  tribes  for  each  nation, 
in  a  general  way,  divided  into  two  brotherhoods.  The  Bear,  Wolf, 
Turtle  and  Bear  form  one ;  the  Deer,  Snipe,  Heron  and  Hawk  are 
the  other.  Some  writers  make  one  class  superior  to  the  other,  and 
its  members  alone  eligible  to  office.  Mr.  Morgan  makes  no  such 
distinction,  and  indeed  assigns  the  sachemships  among  the  Onon- 
dagas and  Senecas  to  seven  tribes  existing,  as  he  states,  when  the 
League  was  formed.  In  his  list,  the  fourteen  Onondaga  sachems 
of  the  Grand  Council  were  of  the  Wolf,  Beaver,  Bear,  Turtle,  Snipe 
and  Deer  tribes,  while  the  eight  Seneca  sachems  were  of  the  Wolf, 
Bear,  Turtle,  Snipe  and  Hawk ;  and  in  these  clans,  he  says,  they 
were  perpetually  hereditary.  His  exact  division  gives  the  Mo- 
hawks and  Oneidas  three  tribes  each  ;  the  Onondagas,  Cayugas  and 
Senecas,  eight  tribes ;  and  the  Tuscaroras  seven.  In  a  later  work 
he  assigns  eight  to  the  latter.  But  this  does  away  with  any  true 
plan,  for  wise  design  would  not  have  left  five  tribes  without  mem- 
bers in  two  nations ;  indeed,  some  were  confined  to  one. 

Mr.  Morgan  may  be  right  when  he  says  that  the  Totemic  Bond 
"  furnishes  the  chief  reason  of  the  tenacity  with  which  the  frag- 
ments of  the  League  still  cling  together,"  though  what  bond  exists 
between  the  Seneca  Deer  and  any  tribe  of  the  Mohawks  does  not 
appear ;  but  he  is  too  enthusiastic  when  he  adds,  ''  The  history  of 
the  Ho-de-no-sau-nee  exhibits  the  wisdom  of  these  organic  provi- 
sions ;  for,  during  the  long  period  through  which  the  League  sub- 
sisted, they  never  fell  into  anarchy,  nor  even  approximated  to 
dissolution  from  internal  disorders."  If  they  did  not,  we  have  al- 
ready seen  that  it  was  because  ihe  Grand  Council  settled  disputes, 
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not  because  of  the  mutual  affection  of  the  separate  clans.  To  my 
mind  these  were  accidents,  not  wise  organic  provisions.  Two  hun- 
dred years  ago  the  Canadian  Mohawks  refused  to  fight  the  eastern 
Iroquois,  but  their  scruples  vanished  when  they  were  led  against 
the  Senecas.     Nationality  was  stronger  than  clanship. 

Indian  statements  and  traditions  are  conflicting,  and  often  worth 
very  little,  but  if  it  is  true  that,  '•'•  tradition  declares  that  the  Bear 
and  Deer  were  the  original  tribes,  and  that  the  rest  were  sub- 
divisions/' this  implies  natural  change.  When  Mr.  Morgan  first 
wrote,  the  clans  were  more  in  some  nations  than  he  seems  to  have 
known,  and  have  been  even  greater  in  times  past.  He  did  not 
then  mention  the  Eel  tribe,  now  the  largest  elan  of  the  New  York 
Onondagas.  In  his  '^  House  Life,"  he  gives  quite  a  different  list. 
That  of  the  Tuscaroras  is  but  little  like  one  furnished  me  by  an  in- 
telligent Indian,  born  and  bred  among  them.  The  Eel  is  mentioned 
among  the  Onondagas,  Cayugas  and  Tuscaroras.  The  Ball  is  sub- 
stituted for  the  Hawk  among  the  Onondagas,  doing  away  with 
both  the  Heron  and  Eagle.  If  such  changes  have  occurred  in  the 
tribes,  is  it  probable  that  the  sachemships  have  in  no  way  changed  ? 
And  then  it  may  be  asked,  are  these  lists  trustworthy  ? 

In  writing  on  Iroquois  customs  in  1771,  Sir  William  Johnson 
said,  ^^  Every  nation  is  divided  into  a  certain  number  of  tribes,  of 
which  some  have  three,  as  the  Turtle,  Bear,  and  Wolf,  to  which 
others  add  the  Snake,  Deer,  etc.  Each  of  these  tribes  forms  a 
little  community  within  the  nation,  and  as  the  nation  has  its  pe- 
culiar symbol,  so  each  tribe  has  the  peculiar  badge  whence  it 
is  denominated,  and  a  sachem  of  each  tribe  being  a  necessary  party 
to  a  fair  conveyance,  such  sachem  affixes  the  mark  of  the  tribe 
thereto."  He  seems  to  say  that  sachems  were  chosen  from  all  the 
tribes,  as  is  the  case  now,  but  the  principal  ones  may  have  been 
intended.  At  a  council  held  at  Albany,  in  1700,  composed  of  a 
multitude  of  sachems,  a  business  conference  was  held  with  some 
from  each  nation,  apart  from  the  rest.  They  brought  in  others, 
saying  that  ^^  all  business  of  moment  was  to  be  transacted  by  the 
Three  Ensigns  that  the  five  nations  consisted  of,  to  wit,  the  Bear, 
the  Wolf  and  the  Turtle ;  therefore  one  from  each  of  these  tribes 
or  ensigns  in  each  nation  was  to  be  present."  Yet  in  Morgan's 
list  no  Cayuga  sachem  of  the  Wolf  tribe  appears.  So,  also,  the 
Seneca  sachem  Kanarighton,  who  signed  the  important  deed  of 
1726,  affixed  the  totem  of  the  Heron  tribe,  which  this  list  does 
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• 

not  credit  with  a  sachemsliip ;  and  the  same  totem  appears  in  an- 
other treaty,  as  the  mark  of  a  Seneca  sachem.  When  the  French 
made  a  treaty  with  the  Onondagas,  in  1665,  the  six  ambassadors 
affixed  "  the  distinctive  mark  of  their  tribes, — The  Bear,  the  Wolf 
and  the  Tortoise." 

In  the  New  York  Documentary  History  (vol.  1,  p.  8,)  under  date 
of  1666,  a  French  writer  describes  nine  Iroquois  tribes,  with  illus- 
trations. The  Tortoise,  Wolf,  Bear  and  Beaver,  are  the  first  di- 
vision, called  four  tribes ;  the  Deer,  Potato,  Great  Plover,  Little 
Plover  and  Eagle,  are  the  second,  called  five  tribes.  Tlie  sign  of 
the  tribe  was  painted  in  the  gable  end  of  the  cabin  in  black  or  red  ; 
and  a  warrior  tattooed  himself  with  the  signs  of  his  nation  and  clan, 
and  lastly  with  his  own  mark. 

Changes  came,  and  a  Frenchman,  adopted  by  the  Senecas,  gave 
another  enumeration  seventy  years  later.  **  The  five  villages, 
which  belong  to  the  same  tribe,  have  for  their  arms  in  common, 
the  Plover,  to  which  I  belong ;  the  Bear,  the  Tortoise,  the  Eel,  the 
Deer,  the  Beaver,  the  Potato,  the  Falcon,  the  Lark  and  the  Par- 
tridge." These  are  ten  in  number  and  as  some  appear  in  no  other 
list,  they  may  be  due  to  foreign  elements  among  the  Senecas,  not 
yet  thoroughly  assimilated.  It  would  seem  probable  that  the  Po- 
tato clan  had  such  an  origin.  The  Wolf  is  left  out,  apparently  by 
mistake,  and  one  of  the  Plovers  also.  The  Eel,  Lark  and  Par- 
tridge are  introduced. 

In  Clark's  History  of  Onondaga,  eight  clans  are  mentioned,  the 
four  superior  tribes  being  as  usual,  but  he  adds  that  *^  the  inferior 
clans  are  the  Deer,  Eagle,  Heron  and  Eel,  from  which  civil  chiefs 
ma}''  not  be  elected."  He  probably  calls  the  Snipe  the  Heron,  as 
the  latter  is  not  recognized  among  the  Onondagas.  Mrs.  E.  A. 
Smith,  also  going  to  native  sources,  gives  the  division  of  the  Onon- 
dagas, for  the  games,  as  uniting  on  one  side  the  Bear,  Deer,  Eel 
and  Hawk,  against  the  Wolf,  Beaver,  Snipe  and  Turtle. 

I  am  told  by  tiiem,  however,  that  there  are  no  Bears  left  among 
the  New  York  Onondagas,  which  may  prove  a  mistake,  that  there 
is  no  Hawk  or  Eagle  clan,  the  Eel  having  been  found  to  be  its 
equivalent,  and  that  the  Turtle  is  divided  into  large  and  small,  as 
among  the  Tuscaroras.  The  Eels  among  that  nation  are  all  Onon- 
dagas. It  will  be  remembered  that  Mr.  Morgan  mentioned  the 
Ball  clan.  There  is  no  such  tribe,  but  in  the  story  of  Hiawatha 
this  was  one  name  of  the  Onondagas.    This  great  man  gave  names 
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as  he  pleased.  Leaving  the  Mohawks  he  came  to  part  of  the 
Oiieidas,  gathered  about  a  great  stone,  and  he  said,  "  These  are 
the  People  of  the  Stone."  He  came  to  another  part}*^  resting  under 
a  large  tree,  and  the  Great  Tree  became  a  second  name.  The 
first  Onondagas  he  saw  were  on  a  high  hill,  and  the  name  has  come 
down  to  us  ;  but  the  next  party  were  playing  ball,  and  they  had  a 
name  from  this  which  very  few  have  known. 

At  no  time  does  there  seem  to  have  been  more  than  the  Wolf, 
Bear  and  Turtle  tribes  among  the  Mohawks,  and  these  once  dwelt 
in  separate  villages.  An  Oneida  chief  tells  me  that  there  are  not 
more  tlian  this  among  the  Oneidas  now,  and  these  three  clans  may 
have  been  the  original  Iroquois  stock,  to  which  others  were  soon 
added  by  adoption.  Tlie  Tuscaroras  have  their  clans  emblazoned 
on  a  banner,  which  bears  a  seven-headed  snake  and  six  blue  stars 
on  a  red  union. 

One  striking  feature  of  this  Iroquois  system  was  that  members 
of  a  clan  must  marry  into  another,  the  children  being  of  the 
mother's  tribe.  Maternal  authority  is  so  marked  that  when  an 
Onondaga  child  is  taught  the  commandment  on  honoring  parents, 
it  invariably  places  the  mother  before  the  father.  Yet  the  Oneida 
whom  I  have  mentioned,  and  whose  father  was  an  Onondaga  of  the 
Snipe  tribe,  calls  himself  a  Snipe,  and  is  so  considered.  Some  as- 
sert that  originally  the  superior  and  inferior  clans  could  not  marry 
into  their  own  class,  with  the  awkward  consequence  that  the  three 
tribes  of  the  Mohawks  and  Oneidas  could  not  marry  at  all. 

The  system  of  Iroquois  sachemships  has  been  represented  as  in- 
flexible and  commemorative  in  names  and  numbers.  Doubtless 
there  has  been  an  attempt  at  both,  and  yet  without  full  success. 
Under  the  circumstances  changes  were  ii;evi table.  Mr.  Morgan's 
scheme,  obtained  at  a  Grand  Council,  makes  fifty  sachems  the 
rulers  of  the  League,  all  permanently  assigned  to  certain  nations 
and  clans.  Yet,  according  to  the  original  compact,  he  says,  two 
of  the  first  Mohawk  sachems  had  no  successors,  reducing  their 
representation  to  seven,  and  making  the  whole  number  forty- 
eight.  It  would  seem  quite  as  likely,  however,  that  when  this 
scheme  took  form  the  Mohawks  had  already  become  weakened  by 
intercourse  with  the  whites,  and  having  less  sachems,  made  their 
weakness  appear  magnanimity. 

If  the  scheme  holds  good  three  tribes  of  the  Mohawks  had  at  first 
Bine,  and  then  seven  sachems ;  three  of  the  Oneidas  nine ;  five  of  the 
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ODondagas  fourteen  ;  six  of  the  Cayiigas  ten  ;  five  of  the  Seneeas 
eight ;  leaving  the  Tiiscaroras  unrepresented. 

Were  these  offices  thus  unchangeable  in  numbers  and  apportion- 
ment? It  might  be  unfair  to  do  more  than  refer  to  the  present 
condition  of  the  Onondagas,  so  much  are  they  changed,  and  so 
little  do  they  know  of  their  own  laws.  Each  clan  has  at  least  one 
principal  chief  (the  Snipes  have  two)  and  he  is  assisted  by  a  war 
chief,  who  stands  behind  him  to  deliver  messages,  and  execute  his 
commands.  The  principal  chiefs  may  sit  in  the  Grand  Council, 
though  delegates  are  commonly  sent. 

It  will  be  better  to  turn  to  history.  In  the  first  treaty  made 
between  the  Five  Nations  and  the  English,  in  1664,  three  sachems 
appeared  for  the  Mohawks,  and  four  for  the  four  otiier  nations, 
collectively  called  Seneeas.  The  names  given,  and  the  titles 
affixed,  have  no  resemblance  to  the  modern  list  of  fiftv  sachems. 

At  the  treaty  with  the  French,  two  years  later,  ten  Seneca 
and  ten  Oneida  ambassadors  affixed  their  names.  Necessarily, 
these  were  all  sachems.  At  a  council  in  Albany,  June  2,  1691, 
the  names  of  six  Oneida  sachems  present  were  recorded,  of 
eleven  Onondagas,  four  Cayugas,  and  eleven  Seneeas.  In  Sep- 
tember, of  the  same  year,  six  Seneca  sachems,  came  from  another 
castle,  making  seventeen  in  a  council  far  from  their  homes,  while 
the  modern  list  allows  but  eight  for  the  full  number.  At  a  later 
council,  in  August,  1700,  eleven  Mohawk  sachems  attended  ;  six 
Oneidas,  eleven  Onondagas,  eleven  Cayugas  and  eleven  Seneca 
sachems,  besides  many  warriors.  This  gives  sachems  in  excess  of 
the  list  to  three  nations  ;  but  this  is  not  all.  When  Lord  Bellomont 
asked  these  fifty  sachems  whether  they  would  name  the  sachems  to 
select  a  place  for  a  fort,  they  answered,  "  that  they  could  be  better 
named  at  Onondaga,  where  there  were  a  great  many."  At  the 
same  time  a  sachem  frcm  each  of  the  four  western  nations  was  in 
Canada. 

Major  Dirck  Wessell's  journal,  at  the  council  at  Onondaga  in 
1693,  tells  of  its  large  size.  He  had  advised  the  Mohawks  not  to 
attend  the  council,  so  that  but  four  nations  were  there.  The  whole 
house  met,  and  "there  being  eighty  sachems  present,  Kajarsan- 
hondare  made  answer."  This  can  only  be  understood  of  the 
Grand  Council  as  constituted  two  hundred  years  ago. 

In  1694,  the  Onondagas  said  they  had  sent  nine  sachems  to 
Canada,  with  nine  belts,  and  were  uneasy  at  having  trusted  almost 
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half  the  sackenis  of  theiv  nation  with  the  French.  At  Colonel 
Schuyler's  visit,  in  April,  1700,  twelve  Onondaga  sachems  are 
mentioned  by  name,  and  their  speaker  Aradji  said,  ^^  most  of  the 
sachems  of  this  castle  are  abroad." 

At  a  conference  in  July,  1701,  nine  Mohawk  sachems  were 
present,  and  twelve  Onondagas,  while  some  sachems  of  the  latter 
were  in  Canada.  The  following  year,  while  eleven  Onondaga  sa- 
chems were  at  Albany,  nearly  as  many  were  with  the  French  Gov- 
ernor. 

The  modern  list  gives  the  Senecas  but  eight  sachems.  Their 
castles  were  so  far  away  that  some  sent  no  delegates  to  Albany 
for  a  long  time.  In  May,  1720,  Myndert  Schuyler  held  a  confer- 
ence in  the  Seneca  country.  When  he.  reached  their  principal 
castle,  some  of  the  sachems  were  abroad,  and  these  and  those  at 
Onaghee  were  sent  for.  Four  came  from  Onaghee,  but  wished  to 
consult  again  with  the  sachems  remaining  at  their  own  castle. 
They  restored  a  former  sachem,  as  desired  by  the  commissioners. 
The  full  number  certainly  could  not  have  been  less  than  twenty, 
as  but  two  castles  are  mentioned  out  of  several. 

King  Hendrick's  example  might  be  cited,  he  having  been  de- 
posed,  and  some  years  later  restored  ;  a  thing  not  easily  done  if 
the  number  were  absolutely  fixed,  for  there  seems  to  have  been  no 
vacant  place  for  him  to  fill.  All  these  things  seem  conclusive 
that  the  number  of  sachems  was  variable,  larger  than  has  been 
supposed,  and  on  a  different  apportionment. 

Were  the  transmitted  or  conferred  titles  permanent?  Several 
writers  claim  that  they  are  the  same  that  they  were  in  the  begin- 
ning, as  some  may  well  be.  It  is  well  known  that  titles  of  some 
antiquity  are  conferred  on  new  sachems  j'et,  so  that  they  thence- 
forth have  an  additional  name.  In  very  few  cases  are  they  known 
to  us  by  their  new  titles.  But  it  is  certain  that  the  titles  have  not 
always  been  the  same.  In  June,  1701,  the  Onondagas  and  Caj'u- 
gas  both  acquainted  the  Council  with  the  deaths  of  chief  captains 
and  appointed  others  with  the  same  names,  but  these  names  do  not 
appear  in  the  modern  list.  The  same  was  the  case  when  the  chief 
sachem  of  Cayuga  introduced  two  new  Seneca  sachems  to  Sir 
William  Johnson,  in  1750,  and  announced  their  new  titles.  They 
are  not  on  the  list  of  the  supposed  original  sachems. 

On  the  choice  of  sachems  Sir  William  Johnson  remarked  (in 
1771)    that  they  **  are  usually  chosen  in  a  public  assembly  of  the 
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chiefs  and  warriors  whenever  a  vacancy  happens  by  death  or  oth- 
erwise. They  are  generally  chosen  for  their  sense  and  braver}', 
from  among  the  oldest  warriors,  and  approved  of  by  all  the  tribe  ; 
on  which  they  are  saluted  sachems.  There  are,  however,  several 
exceptions,  for  some  families  have  a  kind  of  inheritance  in  the 
office,  and  are  called  to  this  station  in  infancy."  He  clearly  dis- 
tinguishes between  sachems  and  chiefs. 

Essentially,  Mr.  Morgan  takes  much  the  same  view  of  changes, 
when,  admitting  the  necessity  of  raising  up  chiefs  without  limita- 
tion of  number,  he  says  that  now  '^  they  have  raised  themselves  to 
an  equality  in  many  respects,  with  the  sachems  themselves.'*  He 
says  also,  of  the  Tuscaroras,  that  "they  were  never  allowed  to 
have  a  sachem  who  could  sit  as  an  equal  in  the  council  of  sa- 
chems." But  he  adds,  "They  also  enjoyed  a  nominal  equality 
in  the  councils  of  the  League,  and  their  sachems  were  raised  up 
with  the  same  ceremonies."  This  seems  a  distinction  without  a 
difference.  As  early  as  1722,  the  Tuscaroras  became  parties  to  a 
treaty  establishing  peace,  and  regulating  boundaries,  and  they  al- 
ways appear  afterwards. 

As  the  line  of  descent  is  through  the  mother,  it  is  often  said  that 
the  son  of  a  sachem  or  chief  cannot  be  a  chief,  but  Kakedoa,  the 
son  of  Bunt,  chief  sachem  of  Onondaga,  was  introduced  to  Colonel 
Guy  Johnson  as  a  sachem,  one  of  the  great  men  that  ruled  over 
them.  At  the  same  time  eleven  recently  appointed  Onondaga 
sachems  were  present.  Other  like  historical  instances  occur. 
In  a  case  under  my  own  eye,  a  father,  son  and  grandson,  have 
successively  been  prominent  chiefs  of  the  Onondagas,  and  the 
last  two,  at  least,  members  of  the  Grand  Council. 

Mr.  Morgan  says  on  this  point,  "  Logan  was  one  of  the  ten 
Cayuga  sachems,  but  which  of  the  ten  names  or  sachemships  he 
held  is  not  at  present  ascertained.  His  father  Shikellimus,  or  Shi- 
kalimo,  who  is  usually  mentioned  as  a  Cayuga  sachem,  was  but  a 
chief."  This  seems  mere  assertion,  and  may  or  may  not  be  cor- 
rect. As  Shikellimus  was  Executive  Deputy  of  the  Iroquois 
Grand  Council  at  Shamokin,  and  as  such  ruled  the  Delawares,  it 
seems  reasonable  that  he  was  of  the  highest  rank. 

My  own  experience  is  that  the  Iroquois  themselves  are  not  very 
clear  as  to  their  own  usages,  and  their  ideas  of  antiquity  are  little 
to  be  trusted.  The  facts  stated  plainly  show  that  the  number  and 
names  of  the  sachems  have  not  been  the  same  at  all  times,  that 


3P0  BECnOH  H. 

liereditaiy  rights  most  be  anderstood  in  a  general  way,  and  that 
the  var3Mng  division  into  clans  was  rather  accidental  than  the  re- 
sult of  any  far-seeing  wisdom. 

There  remains  bat  one  question  more.  Have  the  original  cere- 
monies for  raising  sachems  come  down  to  us?  Only  in  a  general 
way,  if  at  all.  A  tradition  has  been  relate<l  to  me  that  at  one 
time  they  had  met  to  raise  sachems,  but  through  recent  losses, 
there  was  no  one  who  conld  go  through  the  ceremonies.  While 
I>erplexed  over  this  an  old  woman  said  she  knew  them  all,  and  in- 
structed those  present  in  the  whole.  At  a  later  day  some  of  these 
seem  to  have  been  placed  in  a  more  permanent  form,  and  3'et  it  is 
not  well  agreed  among  themselves  now  what  is  right.  In  the 
main  they  depend  on  oral  tradition,  and  those  who  differ  in  usage 
criticise  the  rest.  While  they  were  engaged  in  wars,  meeting  with 
losses,  adopting  captives  in  a  wholesale  way,  depending  altogether 
on  unwritten  tradition,  and  yet  influenced  by  the  adoption  of 
French  and  English  usages,  it  is  easily  seen  to  what  a  strain  their 
ceremonies  were  subjected.  Wampum  enters  largely  into  these, 
and  no  wampum  is  found  on  prehistoric  Iroquois  sites.  It  belongs 
to  a  later  age,  and  yet  something  might  have  supplied  its  place. 

But  we  find  evident  changes  :  French  and  English  governors  con- 
doled the  dead,  and  had  something  to  do  with  the  appointment 
and  institution  of  sachems.  When  Hendrick  the  Mohawk,  and  an- 
other sachem  were  killed,  both  were  condoled,  and  a  new  sachem 
was  raised  in  the  place  of  the  latter.  Sir  William  Johnson's 
presence  was  requested,  but  as  he  was  detained,  he  sent  the  nec- 
essary belts,  and  desired  the  Mohawk  sachems  to  act  for  him. 
He  spoke  of  their  customs,  and  the  rules  laid  down  by  their  wise 
ancestors.  The  Oneidas  and  Tuscaroras  alone  condoled  with  the 
Mohawks  at  this  time,  and  complained  that  the  Onondagas,  Ca- 
yngas  and  Senecas  had  passed  by  the  door  witliout  attending. 
The  same  month  he  condoled  the  dead  generally,  and  replaced 
them  with  prisoners,  the  account  concluding  with  these  words : 
''Thus  ended  the  ceremony  necessary  on  these  occasions,  agree- 
able to  their  customs."     Is  this  the  present  ceremony? 

When,  a  little  later,  the  Canajoharie  Mohawks  presented  one  of 
their  most  capable  men  to  succeed  Tarrachioris,  of  the  Turtle 
tribe,  as  sachem,  Sir  William  Johnson  said,  "  I  now,  in  the 
presence  of  your  whole  castle,  invest  him  with  all  the  powers  of  a 
sachem,  and    put  on  him  those  necessary  marks  of   distinction, 
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which  I  wish  him  long  life  to  wear."  This,  however,  was  aside 
from  their  own  ceremonies  of  condolence,  but  was  accepted  as 
an  institution.  Among  themselves,  however,  condolence  and  rais- 
ing sachems  were  not  necessarily  united.  They  mourned  Ilen- 
drick,  but  deferred  the  election  of  his  successor.  When  new 
sachems  were  instituted  Sir  William  Johnson  put  their  names  on 
record,  and  the  discovery  of  this  list  would  prove  a  matter  of  great 
interest.  The  account  of  the  condoling  ceremony  in  which  he 
shared  at  Onondaga,  at  the  death  of  Kaghswoughtiooni,  or  Red 
Head,  chief  sachem  of  that  nation,  is  quite  full,  and  may  be  com- 
pared with  other  like  occasions.  Three  daj's  before,  Sir  William 
and  the  sachems  of  every  nation  had  prepared  proper  speeches 
and  belts  for  the  ceremony,  at  his  camp  at  Oneida.  Marching 
thence,  three  Cayuga  sachems  met  him  a  mile  east  of  Onondaga 
Castle,  ^^  to  settle  the  formalities  of  the  condolence,  agreeable  to 
the  ancient  custom  of  the  Six  Nations."  This  took  two  hours,  and 
then  he  '^  marched  on  at  the  head  of  the  sachems,  singing  the  con- 
doling song,  which  contains  the  names,  laws  and  customs  of  their 
renowned  ancestors,  and  praying  to  God  that  their  deceased 
brother  might  be  blessed  with  happiness  in  his  other  state.  This 
ceremony  was  performed  by  Abraham,  the  chief  Mohawk  sachem," 
and  two  Oueidas.  Properly,  now,  this  would  not  belong  to  the 
Mohawks,  but  sachems  are  sometimes  *'  borrowed  "  for  such  oc- 
casions. When  they  came  in  sight  of  the  castle  a  line  of  silent 
sachems  and  warriors  sat  in  a  half  circle  across  the  road.  Here 
the  condoling  song  was  sung  by  the  visiting  sachems.  The  Onon- 
dagas  then  rose  and  shook  hands,  and  welcomed  them  to  their 
town.  Sir  William  marched  at  the  head  of  the  warriors,  the  sa- 
chems falling  behind  and  continuing  their  song.  Within  the  gate 
salutes  were  fired,  and  ^Hhe  sachems  proceeded  to  a  green  arbor 
adjoining  to  the  deceased  sachem's  house,  prepared  on  purpose." 
When  they  were  seated.  Sir  William  was  sent  for  and  addressed 
them. 

The  next  day  the  full  council  met,  with  the  baronet  at  its  head, 
for  the  grand  ceremony,  which  was  performed  by  Old  Abraham 
the  Mohawk.  First  a  large  belt  covered  the  grave ;  a  second 
belt  comforted  the  relatives ;  a  third  admonished  the  surviving 
councillors  to  maintain  the  covenant  with  the  English;  a  fourth 
dispelled  the  clouds  of  day,  and  a  fifth  those  of  night,  when  Grand 
Councils  were  held.  "These compliments  of  condolence  were  en- 
forced by  eleven  belts  and  three  strings  of  wampum,  and  a  scalp 
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of  the  enemy  to  replace  the  deceased,  and  with  a  glass  of  rum 
round  to  wash  down  all  sorrow  and  grief,  the  whole  ceremony  of 
condolence  ended."  This  was  the  Iroquois  condolence  for  a  great 
sachem  in  1756.  Was  it  thus  ordered  by  the  first  sachems?  and 
is  it  thus  performed  now? 

In  1 768  the  younger  branches  of  the  League,  the  Oneidas,  Tus- 
caroras  and  Cayugas,  went  through  the  whole  ceremony  of  condo- 
lence with  the  Elder  Brothers,  on  the  death  of  a  Mohawk  sachem, 
and  the  brotherhoods  were  then  clearly  distinguished.  Several 
times  we  have  accounts  of  institutions  in  full  council,  in  the  sim- 
plest possible  manner.  The  announcement  of  the  choice  and  title, 
the  giving  of  a  little  wampum  to  each  nation,  ended  the  matter. 

It  was  really  the  ceremony  of  condolence,  and  not  a  feast  of  the 
dead  like  that  of  the  Ilurons,  which  Father  Picrron  witnessed 
among  the  Mohawks  in  1670.  '^  The  assembl}',"  he  says,  "  was 
composed  of  Onondagas,  some  Oneidas,  and  the  most  eminent  of 
the  Mohawks.  These  were  separated  from  the  others  according  to 
custom."  The  Onondaga  spoke  first,  and  the  Mohawks,  in  reply, 
^^  discoursed  of  their  Hibles  and  superstitions,"  and  then  sang. 
The  ceremony  took  place  at  some  distance  from  the  village,  and 
lasted  five  hours,  but  the  missionary  did  not  wait  for  its  conclusion 
by  the  Mohawks.  P^xcept  in  a  very  general  way  it  seems  little  like 
the  ceremonies  of  later  times. 

Giving  the  Iroquois  due  honor  for  much  practical  wisdom,  we 
need  not  ascribe  all  to  the  founders  of  the  League.  Change  is  nat- 
ural, and  there  may  be  progress  among  savage  as  well  as  civilized 
men.  Yet  in  dealing  with  a  people  who  know  so  little  of  them- 
selves, we  may  hesitate  about  positive  statements,  so  very  easy  is 
it  to  be  in  error  even  when  the  authority  seems  good.  The 
stories  differ,  and  we  may  take  our  choice;  not  being  over  credu- 
lous, but  measuring  what  they  say  now  by  what  those  who  have 
known  them  best  in  the  past  have  recorded  of  them. 
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Indian  personal  names.     By  Rev.  J.  Ovten  Dorset,  Bureau  of 
Ethnology,  Washington,  D.  C. 

"What's  in  a  name?"  has  been  asked  by  many  a  one  besides 
the  author  of  the  query.  Among  the  Jews  and  other  nations  of 
antiquit}',  every  personal  name  had  a  known  meaning.  At  the 
present  day,  names  are  given  without  any  consideration  for  their 
literal  meanings,  although  in  some  cases  so-called  family  names 
are  held  in  honor  on  account  of  their  association  with  the  past. 

All  Indian  personal  names  have  meanings,  many  of  which  have 
been  preserved  to  this  day  ;  and  it  has  been  the  good  fortune  of 
the  writer  to  record  names  of  Omahas,  Ponkas,  Kansas,  Osages, 
Kvvapas,  lowas,  Otos,  Missouris,  and  Winnebagos.  In  some  of 
these  tribes,  over  two  hundred  personal  names  have  been  found. 
The  writer  has  long  desired  to  prepare  a  comparative  list  of  the 
names  of  all  the  tribes  which  have  been  mentioned.  But  he  has 
been  obliged  to  content  himself  with  collating  Omaha  and  Ponka 
names,  and  afterward,  Iowa,  Oto,  and  Missouri  names. 

In  the  study  of  the  gentes  or  clans  of  any  tribe,  it  is  necessary 
to  examine  personal  names,  as  in  many  instances  they  contain 
references  to  past  or  present  tribal  customs,  the  mythical  origin 
of  the  gentes,  etc.,  e.  gr.,  the  Omaha  Te-pa-i-ta-zhi  people,  who  keep 
the  sacred  buffalo  skull,  cannot  touch  it,  though  the  skull  plays  a 
very  important  part  in  the  installation  of  Omaha  (and  Ponka) 
chiefs.  The  question  arises,  what  gens  can  touch  the  skull?  We 
find  another  gens  called  Te-sin-de,  Buffalo  Tail,  composed  of  those 
who  cannot  touch  a  buffalo  tail,  etc.  We  infer  that  these  taboos 
are  correlatives,  and  that  those  who  cannot  touch  the  buffalo  tail 
can  touch  the  buffalo  skull !  This  may  be  incorrect,  but  in  the 
Omaha  Hanga  gens,  those  who  can  eat  the  buffalo  tongues^  cannot 
eat  the  meat  on  the  onbSy  and  vice  versa.  If  the  inference  is  cor- 
rect, the  Buffalo  Tail  men  are  probably  those  from  whom  one  is 
chosen  to  paint  the  privileged  decoration  (Hanga  ki'a"ze)  on  the 
skull,  and  thrust  the  wild  sage  into  the  vomer,  prior  to  the  instal- 
lation of  chiefs.  In  support  of  this,  we  find  in  the  Buffalo  Tail 
gens  the  name  Wild  Sage,  now  borne  by  the  head  man  of  a  sub- 
gens,  who  is  called  the  keeper  of  a  sacred  pipe  !  The  name  is  a 
ni-ki-e,  or  sacred  name,  and  is  in  a  buffalo  gens,  so  the  coincidence 
can  hardly  be  accidental.  Mr.  F.  LaFlesche,  a  fellow  of  this  Asso- 
ciation, and  a  member  of  the  Omaha  tribe,  maintains  that  the 
Buffalo  Tail  people  cannot  touch  a  buffalo  head.     Granting  that 


394  BECTION  H. 

be  was  correctly  inforined,  it  is  still  very  probable  tbat  they  played 
an  important  part  in  the  installation  of  chiefs,  collecting  the  wild 
sage  for  that  occasion.  In  further  support  of  this  yiew,  we  find 
that  the  Ponkas  have  a  baffalo  gens  called  ^Ma-ka*,  Medicine, 
which  seems  to  point  to  the  wild  sage,  and  these  Maka*'  people, 
as  well  as  the  Omaha  Tesinde,  cannot  toach  a  buffalo  tail ! 

Personal  names  may  be  classed  as  follows,  beginning  with  male 
names : — 

I.  Cardinal  birth-names.  Among  the  Omahas  and  cognate 
tribes,  these  are  four  for  each  sex,  and  are  used  by  the  kindred  in 
addressing  a  boy  (or  girl).  First  son  In-gdha^.  Second  son, 
Iii-ke.  Third  son,  Ka'-ga.  Fourth  son,  Ka-ge.  First  daughter, 
Wi-na"'  (or,  Winau').  Secojid,  Si-ge.  Third,  A-si'.  Fourth, 
Wl-he.  These  eight  names  are  in  the  Ponka  and  Omaha  dialect. 
The  first  son  is  alwa3's  called  Ingdha'',  though  there  may  l>e  daugh- 
ters older  than  he ;  and  the  first  daughter  is  always  Wina° ;  but 
the  Dakotas  do  not  call  the  first  son  Cha-ske  ('''first  child,  if  a 
boy'')  if  there  have  been  daughters  born  before  him ;  nor  do  they 
address  the  first  daughter  as  Wi-no'-na  (see  Wina°  above)  unless 
she  is  the  firstborn  child. 

II.  Nikie^  names.  These  refer  to  a  mythical  ancestor,  to  some 
part  of  his  body,  to  some  of  his  acts,  or  to  some  ancient  rite  which 
he  may  have  established.  These  nikie  names  are  of  several 
kinds. 

(A)  Seven  Ordinal  birth-names  for  each  sex.  In  the  Elk  gens 
of  the  Omahas,  for  instance,  are  these  bo^'s'  names  :  Young  Elk, 
Big  Elk,  Four  Horns  (of  an  elk  four  years  old),  Dark  Horns  (of 
a  fullgrown  elk),  Big  Elk  with  Branching  horns,  Soft  Horns  (of  a 
young  elk,  at  their  first  appearance),  and  Branching  Horns  (of  a 
two  year  old  elk. 

(B)  Other  nikie  names,  not  birth-names,  but  peculiar  to  a  sin- 
gle gens,  as,  Elk,  Standing  Elk,  White  Elk,  etc. 

(C)  Nikie  names  common  to  two  or  more  gentes.  In  explana- 
tion of  this,  it  seems  probable  that  if  the  name  did  not  belong  orig- 
inally to  a  single  gens,  all  the  gentes  now  using  it  must  have  had 
a  common  mythical  ancestor,  or  else  mythical  ancestors  of  the  same 
genus  or  species.  The  study  of  the  Kansas  tribe  reveals  what  they 
call  *'Zlia-zlie  ki-k*u*-be,"  L  e.,  certain  gentes  exchange  personal 
names.  These  may  coincide  with  the  "  Wa-yii"  min-dii"*'  or  '^Those 
who  sing  the  sacred  songs  together"  (Phratries). 

1  Pronounced  "  Ni-ke«ay." 
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III.  Names  which  ma}'  have  been  nikie  names,  but  which  seem 
to  have  lost  their  original  meanings.  These  fall  into  four  subdi- 
visions : —  (A)  Names  related  to  those  in  a  cognate  tribe,  as  the 
Omaha  Ki-ba-khdha-hi,  and  the  Kansas  Ei*ba-khla-hij ;  or  the 
Fonka  A-zhan-gi-dhc,  and  the  Kansas  Wa-zhan-gii-ye.  (B)  Names 
borrowed  from  another  tribe  of  the  same  group  or  stock,  as,  Ahi- 
ska,  White  Wings,  an  Omaha  name,  from  the  Kansas  Ahii  ska. 
(C)  Ancient  names  which  have  been  in  use  for  many  generations 
till  the  true  meanings  have  been  lost,  as,  Mi-ke-ni-dhe.  (D)  Names 
common  to  many  tribes,  as,Ga-hi-ge  (Omaha  and  Ponka),  Ga-hi"- 
ge  (Kansas),  or  Ka-hi-ke  (Osage,  Iowa,  etc.). 

IV.  Names  that  are  classed  as  dream  names  (uha^bdhe)  or  mys- 
terious names(u-khu-be-a-ta-dhi-sha"),  names  of  guardian  spirits  of 
animals,  as,  Te-bi-*a,  Frog.  These  are  called  Totem  names  by  some 
writers. 

V.  War  or  Bravery  names,  as  War  Captain,  and  Brave. 

VI.  Names  founded  on  the  man's  past  history,  including  names 
of  ridicule,  many  of  which  are  vulgar,  e.  g,,  U-ha°zhin-ga  (Small 
Boiler,  or.  Boiled  a  little,  a  name  for  a  stingy  man  who  would  not 
boil  much  food  for  a  feast  which  he  gave. 

VII.  Modern  names.  Names  common  to  several  tribes,  divid- 
ed thus : — 

(A)  Names  common  to  the  gentes  of  a  single  tribe,  or  which 
ma}'  be  used  by  any  member  of  the  tribe.  Some  of  these  are  bor- 
rowed from  the  white  people,  as,  U-ha-hi  (Ohio),  and  U-ma"-ha* 
ta"-wa°-gdha°  (Omaha  city).  Others  are  of  native  origin,  as, 
Ni-bdha-ska  (Nebraska),  and  A-gdhi"-du  ba  (Fourteen). 

(B)  Names  common  to  several  cognate  tribes,  as,  Dha-'e-ga™ 
(Poor  man). 

(C)  Names  used  by  tribes  of  different  stocks,  as,  A-sha-wa-ge, 
Spotted  Horse,  a  Pawnee  name  given  to  a  Ponka  chief;  Du-dha-he, 
Good,  a  Pawnee  name  in  Omaha  notation  ;  Wa-khwa-ta"-dhin-ge, 
Not  poor,  an  Oto  name  in  Omaha  notation  ;  and  Wa-khpe-sha, 
Red  Leaf,  a  Dakota  name  adopted  without  change.  Grizzly-bear 
names  are  not  nikie  names  among  the  Omahas,  .Ponkas,  lowas, 
Otos,  and  Missouris. 

The  following  law  about  nikie  names  has  been  observed  by  the 
Omahas.  There  must  never  be  more  than  one  person  in  a  gens 
having  an}'  special  (nikie)  name.  For  instance,  when  in  any  house- 
hold a  child  is  called  Young  Black- bear,  that  name  cannot  be  given 
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to  any  otiier  new-born  member  of  that  gens ;  but  when  the  holder 
of  the  name  changes  it  for  another,  or  dies,  another  infant  can  re- 
ceive the  name  in  question.  As  this  is  one  of  the  seven  Ordinal 
birth-names  of  the  Omaha  Black-bear  people,  it  suggests  a  reason 
for  having  extra  nikie  names  in  the  gens.  These  extra  names  may 
have  been  birth  names,  resorted  to  whenever  tlie  original  seven 
were  already  appropriated.  Tliis  rule  applies,  in  some  degree,  to 
girls'  names.  If  parents  know  tliat  one  girl  in  tlie  gens  has  a  cer- 
tain name,  they  cannot  give  that  name  to  their  daughter.  But 
should  they  select  that  name  when  ignorant  that  another  girl  al- 
ready had  it,  they  must  distinguish  between  the  two  girls  by  adding 
to  their  common  name  those  of  their  respective  fathers. 
Names  of  females  may  be  classed  as  follows:  — 

I.  Four  cardinal  birth-names,  Wina**,  etc.,  common  to  all  gentes. 

II.  Ordinal  birth-names,  seven  for  each  gens.  (Sometimes  sub- 
gentes,  as  among  the  Dha-ta-da  gens,  have  their  special  lists  of 
birth-names.) 

III.  Names  derived  from  the  names  of  gentes,  as,  Dhi-ghi-da 
Female,  of  the  Ponka  Dbighida  gens ;  Kansas  Female,  of  the 
Omaha  Kansas  gens  ;  and  Pigeon  Female,  of  the  Oto  Pigeon  gens. 

IV.  Names  from  vegetation,  as,  Much-more-corn-comes-up-than- 
was-planted  Female,  Dry-beans-falling-of-their-own-accord  Female, 
Sweet-smelling  Cedar  Female,  Thin-corn  Female,  Two-Corn-blades 
Female,  Corn-stalk-joints  Female,  and  Fallen-Corn-blossom  Fe- 
male. 

V.  Wind  names,  as  Wind  Female,  and  South- wind  Female. 

VI.  Water  names,  as,  Female  Who-plays-on-the-water,  Female 
Who- walks-on- the- water,  Female  Going-beneath-the- water,  Water 
Human-beins;  Female. 

VII.  Thunder  and  Thunder-bird  names.  She-who-strews-the- 
ground-with-a-long-line-of-dark-bodies.  Roaring.  Comes  Roar- 
ing. Distant-white  Thunder  Female.  Real  Thunder-Eagle 
Female.     Thunder-Pigeon  Female.     Thunder  Ilas-come  Female.^ 

VIII.  Names  of  animate  objects,  parts  of  such  objects,  their 
actions,  etc.  Female  Elk.  Iron-e\'e  Female  (i.  e.,  the  elk). 
Distant-white  Buffalo  Female. 

IX.  Names  of  the  moon  and  its  phases.  Moon  moving  dur- 
ing the  day.    Turning  Moon  Female  (sic).    Looking  at  the  Moon. 

'There  Beems  to  be  a  class  of  composite  mythical  animals  in  the  philosophy  of  Sl- 
ouan  (or  Dakotan)  tribes  as,  Thunder-Eagle,  Tbunder>Hawk,  Tbunder-pigeoOi  Moon- 
hawk,  Humanmale-Eiigle. 
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Moon  that  is  travelling.  Moon-Hawk  Female.  Moon  1ms  returned 
visibly.  Moon  that  is  flying.  Foremost  Moon.  Moon  Horn 
Female.  Moon  that  is  low.  Moon  moving  on  high.  Moon  that 
they  fear  to  see.  First  Moon.  Mysterious  Moon.  Black  Moon. 
Visible  Moon.  Visible  one  Moving.  Visible  Moons  scattered 
(Paraselenae?).  She  who  is  ever  coming  back  visibly.  She  who 
walks  visibly. 

X.  Mythical  names,  which  will  be  described  hereafter. 

XI.  Unclassified  names,  among  which  are  Female  difficult  to  be 
seen,  Female  who  is  coming  out.  Female  that  shoots  the  day,  Fe- 
male fl3Mng  with  them,  Female  with  fire  in  her  mouth,  Female  who 
makes  the  earth  live  (or  shake),  Female  who  has  come  from  on 
high,  One  post  Female,  Four  posts  Female,  Female  who  has  re- 
turned from  Bear  land.  The  last  maybe  compared  with  a  Navajo 
myth,  told  by  Dl\  Washington  Matthews  in  his  paper  entitled, 
'*Mytliological  Dry-painting  among  the  Navajos,"  read  before  the 
Anthropological  and  Philosophical  Societies,  Washington,  D.C. 

Many  Omahas  and  Ponkas  can  tell  the  tribe  and  gens  to  which 
a  name  belongs  as  soon  as  they  hear  it.  Thus:  Te'-dhi-ti",  Buf- 
falo Rib,  is  of  the  Omaha  Black-bear  sub-gens ;  but  Te-dhi'-ti",  of 
the  Ponka  Hisada  gens,  part  of  wliich  are  Black-bear  people. 

Of  Wing  names.  Black  Wings,  Hard  Wings,  Short  Wings  and 
Large  Wings  are  Oto.  White  Wings  is  found  in  the  Ponka  Hi- 
sada (a  bird  gens),  and  Omaha  Dhatada  gentes.  Parts  of  the 
Dhatada  are  small  bird  and  eagle  sub-gen tes.  Red  Wings  (of  a 
blackbird)  is  found  in  the  Kansas  Bird,  and  Omaha  Dhatada  gen- 
tes. Black  Wolf,  and  Big  Wolf  are  Ponka  names ;  but  Young 
Wolf  and  Big-wolf  In-a-Bad-humor  are  of  the  Omaha  Wolf  gens. 
Some  horse  names  were  originally  Wolf  names,  as,  "White  Horse*' 
of  Omaha  Wolf  gens,  meaning,  "  White  Wolf. "^  Hoof  names, 
in  Deer  gentes,  refer  to  deer  or  fawns  ;  in  Buffalo  gentes,  to  the 
butfalo. 

Many  names  are  elliptical,  hence  a  knowledge  of  their  respec- 
tive gentes  is  of  great  value.  Examples :  I-shta  du-ba,  Four  Ej-es 
(of  the  Omaha  Black-bear  sub-gens),  refers  to  the  true  eyes  and 
the  yellow  spots  resembling  eyes,  over  the  eyes  of  a  bear.  I-shta 
ba-su-de  (of  an  Omaha  butfalo  gens).  Sheds  hair  next  to  the  eyes, 
i.  e.,a  buffalo  calf.  I-inga-bi,  Despised  (of  the  Deer  gens),  t.  e., 
the  fawn   is   despised  by  the   hunter,  who  prefers   to  shoot  the 

>  The  names  of  horse  and  wolf  are  derived  Arom  that  of  "  dog." 
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mother.      Ki-da-ba-zhi,  Not  shot  at  (of  the  Deer  gens),  i.  e.,  the 
fawn  is  not  shot  at,  its  mother  being  preferred   by  the  hunter. 

Shu-d^na-zi,  Smoked  Yellow  (of  the  Omaha  Han-ga  gens),  re- 
fers to  the  sacred  pole  of  the  gens.  Shu-de-ga-ghe,  Smoke  Maker, 
refers  to  a  war  custom. 

Mythical  names  abound  in  the  languages  of  the  Sionan  tribes. 

The  writer  has  found  a  key  to  some  of  them  in  the  myths  of  the 
Osages,  Kansas,  and  Omahas,  and  in  the  traditions  of  the  Iowa, 
Kansas,  and  the  Osage  Tsi-shu-wa-shta-ke  gens.  Many  Raccoon 
names  found  in  the  Kansas  Raccoon  gens  occur  in  tiie  myth  of  the 
Raccoons  and  the  Crawfish.^  In  the  Kansas  tradition  of  their  ori- 
gin, as  preserved  in  the  secret  society  of  the  tribe,  it  is  said  that  at 
the  first  1-ba-ch'e  (now  Raccoon)  people  had  no  sacred  animal,  so 
they  went  in  search  of  one.  They  killed  a  raccoon,  and  as  it  lay  on 
the  ground,  one  said,  ^^  See  !  let  this  be  our  sabred  animal.  Let 
us  take  names  from  it !"  Hence  the  names :  Sharp  Claws,  Black 
stripe  across  the  eyes,  Blue  Back,  etc.  In  the  Oto  Bear  gens  is 
"  Blisters  the  feet."  It  is  explained  by  the  speech  of  the  Black  bear 
in  the  Osage  tradition  : 
*' Sha'-ke  tsii'-tse    wa-dha'-kshi-dhe'    ta-tse',   a'-pi"-tau',   Tsi-ka'I 

Claw      blister      you  cause  pur-      shall        he  said       O  grand- 

posely  indeed         father ! 

You  shall  cause  me  to  blister  my  feet  in  your  service :  he  really 
said,  O  Grandfather ! 

The  Oto  "  Walks  a  long  time"  points  to  the  journey  of  the  two 
old  Osage  men  of  the  Tsi-shu  and  Ponka  gentes,  who  went  for 
seven  days  in  search  of  a  good  land  for  the  nation.  Tiie  Oto 
"Big  Cedar"  is  probably  derived  from  the  mystic  tree  of  life  of 
the  secret  order,  symbolized  by  the  cedar.  The  name  Ponka  is 
associated  with  this  tree.  The  Iowa  "  Small  Island"  is  explained 
in  the  tradition  of  that  tribe.  Of  female  names,  the  Omaha 
"  She  by  whom  they  were  made  human  beings  "  clearly  points 
to  the  Osage  female  red  bird  brooding  on  her  nest,  who  gave 
human  bodies  to  the  people.  Clear  sky  Female  refers  to  the 
beautiful  day  when  they  came  down  to  this  earth  from  the  four 
(or  seven)  upper  worlds.  The  Ponka  Dhighida  gens  has  the 
name  Nini-ukhdhi  giuda",  She  who  likes  to  eat  the  grasshopper 
called   nini-ukhdhi.      It  is  explained  by  the  Osage  myth,  which 

^Pub.  in  Amer.  AoUqanrinn ,  July,  1SS4.    pp.  237-40. 
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tells  bow  this  grasshopper  (Na-khdhe  sha-pe)  was  eaten  by  his 
grandmother. 

Te-wa  'u  (Buffalo  Woman)  and  Te  mi°  wa-<u  (Buffalo  Female 
Woman)  are  distinct  from  Buffalo  Female.  And  these  must  not 
be  confounded  with  female  buffalo  (te-mi°-ga).  The  adventures  of 
the  Orphan  and  the  Buffalo  Woman  have  been  recorded  by  the 
writer  in  three  Omaha  versions.  In  the  Ponka  Hisada  gens  these 
names  occur :  He-who-Runs-Close,  Prairie-chicken-Usually-Coming, 
Run s-on-the- Water,  Habitual  Eagle,  Spoken  to  (in  thunder).  Wa- 
ter-monster, and  Eagle  Circles-around.  These  are  explained  by 
the  myth  of  the  first  Hisada  chief,  Ukiabi  {Spoken  to).  He  had  a 
nose  resembling  that  of  a  hawk  which  catches  small  birds.  His 
eyes  were  deep  in  their  sockets.  He  was  very  lean,  and  horrible 
to  look  at.  One  day  he  was  reclining  in  his  lodge.  Looking  up 
through  the  smoke-hole,  he  spied  an  eagle  circling  around.  This  he 
recognized  as  his  son,  who  usually  {habitually)  took  this  shape. 
The  eagle,  on  finding  that  he  was  detected,  darted  down  to  attack 
his  father.  But  Ukiabi  fied.  His  son  ran  so  close  to  him  that 
Ukiabi  changed  his.  form  to  escape.  But  the  son  took  a  similar 
shape,  and  subsequently  imitated  each  transformation  of  the  father. 
At  last,  Ukiabi  left  the  land  and  ran  on  the  surface  of  the  water^ 
but  the  son  did  likewise.  Next  Ukiabi  went  beneath  the  water, 
becoming  a  water  monster;  but  the  son  still  followed.  Returning 
to  the  air,  the  father  became  an  eagle  once  more,  soaring  aloft,  and 
looking  around  for  his  son.  Presently  he  spied  a  feather  on  the 
ground.  It  was  his  son.  Down  he  swooped,  and  as  he  passed  it 
he  gave  it  a  blow  with  his  wing,  and  then  fiew  aloft.  Behold,  his 
son  lay  dead  in  his  proper  shape  I  Then  the  father  sang  a  dirge 
over  the  body,  the  words  of  which  are  still  preserved  by  the  Hi- 
sada people. 
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The  urine  dance  of  the  Zunis.    By  John  G.  Bourke,  Captain 
Third  Cavalry,  U.  S.  Army. 

On  the  evening  of  November  17,  1881,  during  my  stay  in  the 
village  of  Zuni,  New  Mexico,  the  Nehue-Cue^  one  of  the  secret 
orders  of  the  Zunis,  sent  word  to  Mr.  F.  Cushing  (whose  guest 
I  was)  that  they  would  do  us  the  unusual  honor  of  coming  to  our 
house  to  give  us  one  of  their  characteristic  dances,  which,  Cush- 
ing said,  was  unprecedented. 

The  squaws  of  the  Governor's  family'  put  the  long  "  living 
room"  to  rights,  sweepiug  the  floor  and  sprinkling  it  with  water  to 
lay  the  dust.  Soon  after  dark  tlte  dancers  entered ;  they  were 
twelve  in  number,  two  being  boys.  The  centre  men  were  naked 
with  the  exception  of  black  breech-clouts  of  archaic  style.  The 
hair  was  worn  naturally  with  a  bunch  of  wild  turkey  feathers  tied 
in  front,  and  one  of  corn-husks  over  each  ear.  White  bands  were 
painted  across  the  face  at  eyes  and  mouth.  Each  wore  a  collar  or 
neck-cloth  of  black  woollen  stuff.  Broad  white  bands,  one  inch 
wide,  were  painted  around  tlie  body  at  the  navel,  around  the  arms, 
the  legs  at  mid-thighs  and  knees.  Tortoise-shell  rattles  hung 
from  the  right  knee.  Blue  woollen  footless  leggings  were  worn  with 
low  cut  moccasons,  and  in  the  right  hand,  each  waved  a  wand 
made  of  an  ear  of  corn,  trimmed  with  the  plumage  of  the  wild  tur- 
key and  macaw.  The  others  were  arrayed  in  old  cast-off  American 
army  clothing,  and  all  wore  white  cotton  night-caps,  with  corn- 
husks  twisted  into  the  hair  at  top  of  head  and  ears.  Several 
wore,  in  addition  to  the  tortoise-shell  rattles,  strings  of  brass 
sleigh-bells  at  knees.  One  was  more  grotesquely  attired  than  the 
rest  in  a  long,  India-rubber  gossamer  "over  all"  and  a  pair  of 
goggles,  painted  white,  over  his  eyes.  His  general  "get  up**  was 
a  spirited  take-off  upon  a  Mexican  priest.  Another  was  a  very 
good  counterfeit  of  a  young  woman. 

To  the  accompaniment  of  an  oblong  drum,  and  of  the  rattles  and 
bells  spoken  of,  they  shuffled  into  the  long  room,  crammed  with 
spectators  of  both  sexes,  and  of  all  sizes  and  ages.  Their  song 
was  apparently  a  ludicrous  reference  to  everything  and  everybody 
in  sight,  Cushing,  Mendeleff  and  myself  receiving  special  at- 
tention, to  the  uncontrolled  merriment  of  the  red-skinned  listen- 
ers. I  had  taken  my  station  at  one  side  of  the  room,  sealed  upon 
the  banquette,  and  having  in  front  of  me  a  rude  bench  or  table 
upon  which  was  a  small    coal-oil    lamp.     I  suppose  that  in  tlie 
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halo  diffused  by  the  feeble  light  and  in  my  '*  stained-glass  at- 
titude," I  must  have  borne  some  resemblance  to  the  pictures  of 
saints  hanging  upon  the  walls  of  old  Mexican  churches  ;  to  such  a 
fancied  resemblance,  I  at  least  attribute  the  performance  which  fol- 
lowed. 

The  dancers  suddenly  wheeled  into  line,  threw  themselves  on 
their  knees  before  my  table,  and  with  extravagant  beatings  of 
breast,  began  an  outlandish  but  faithful  mockery  of  a  Mexi- 
can Catholic  congregation  at  vespers.  One  bawled  out  a  parody 
upon  the  Pater  Noster,  another  mumbled  along  in  the  manner  of 
an  old  man  reciting  the  rosary,  while  the  fellow  with  the  India- 
rubber  coat  jumped  up,  and  began  a  passionate  exhortation  or  ser- 
mon, which  for  mimetic  fidelity  was  inimitable.  Tliis  kept  the 
audience  laughing  with  sore  sides  for  some  moments,  until  at  a 
signal  from  the  leader,  the  dancers  suddenly  countermarched  out 
of  the  room,  in  single  file,  as  they  had  entered. 

An  interlude  followed  of  ten  minutes,  during  which  the  dusty 
floor  was  sprinkled  by  men  who  spat  water  forcibly  from  their 
mouths.  The  Nehue-Cue  reentered  ;  this  time  two  of  their  num- 
ber were  stark  naked.  Their  singing  was  very  peculiar  and 
sounded  like  a  chorus  of  chimne3-sweeps,  and  their  dance  became 
a  stiff-legged  jump,  with  heels  kept  twelve  inches  apart.  After 
they  had  ambled  around  the  room  two  or  three  times,  Gushing  an- 
nounced in  the  Zuni  language  that  a  '*  feast"  was  read}'  for  them, 
at  which  they  loudly  roared  their  approbation  and  advanced  to 
strike  hands  with  the  munificent  "  Americanos,"  addressing  us  in 
a  funny  gibberish  of  broken  Spanish,  English,  and  Zuni.  They 
then  squatted  upon  the  ground  and  consumed  with  zest,  large 
"ollas  "  full  of  tea,  and  dishes  of  hard  tack  and  sugar.  As  they 
were  about  finishing  this,  a  squaw  entered,  carrying  an  "  olla"  of 
urine,  of  which  the  filthy  brutes  drank  heartil3^ 

I  refused  to  believe  the  evidence  of  my  senses,  and  asked  Gush- 
ing if  that  were  really  human  urine.  ''Why,  certainl}',"  replied  he, 
"  and  here  comes  more  of  it."  This  time  it  was  a  large  tin  pailful, 
not  less  than  two  gallons.  I  was  standing  by  the  squaw  as  she 
offered  this  strange  and  abominable  refreshment.  She  made  a 
motion  with  her  hand  to  indicate  to  me  that  it  was  urine,  and  one 
of  the  old  men  repeated  the  Spanish  word  mear  (to  urinate),  while 
my  sense  of  smell  demonstrated  the  truth  of  their  statements. 

The  dancers  swallowed  great  draughts,  smacked  their  lips,  and, 
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amid  the  roaring  merriment  of  the  spectators,  remarked  that  it 
was  very,  very  good.  The  clowns  were  now  upon  their  mettle, 
each  trying  to  surpass  his  neighbors  in  feats  of  nastiness.  One 
swallowed  a  fragment  of  corn-husk,  saying  he  thought  it  ver^'  good 
and  better  than  bread  ;  his  vis  a  vis  attempted  to  chew  and  gulp 
down  a  piece  of  filthy  rag.  Another  expressed  regret  that  the 
dance  had  not  been  held  out  of  doors,  in  one  of  the  plazas; 
there  they  could  show  what  they  could  do.  There,  they  always 
made  it  a  point  of  honor  to  eat  the  excrement  of  men  and  dogs. 

For  my  own  part  I  felt  satisfied  with  the  omission,  particularly 
as  the  room,  stuffed  with  one  hundred  Zunis,  had  become  so  foul 
and  filthy  as  to  be  almost  unbearable.  The  dance,  as  good  luck 
would  have  it,  did  not  last  many  minutes,  and  we  soon  had  a 
chance  to  run  into  the  refreshing  night  air. 

To  this  outline  description  of  a  disgusting  rite  I  have  little  to  add. 
The  Zunis,  in  explanation,  stated  that  the  Nehue-Cue  were  a  Medi- 
cine Order  which  held  these  dances  from  time  to  time  to  inure  the 
stomachs  of  members  to  any  kind  of  food,  no  matter  how  revolt- 
ing. This  statement  may  seem  plausible  enough  when  we  under- 
stand that  religion  and  medicine  among  primitive  races  are  almost 
always  one  and  the  same  thing,  or  at  least  so  closely  intertwined 
that  it  is  a  matter  of  difficulty  to  decide  where  one  begins  and  the 
other  ends. 

Religion  in  its  dramatic  ceremonial  preserves,  to  some  extent, 
the  history  of  the  particular  race  in  which  it  dwells.  Among 
nations  of  high  development,  miracles,  moralities  and  passion 
plays  have  taught,  down  to  our  own  day,  in  object  lessons,  the 
sacred  history  in  which  the  spectators  believed.  Some  analo- 
gous purpose  may  have  been  held  in  view  by  the  first  organizers 
of  the  urine  dance.  In  their  early  history,  the  Zunis  and  other 
Pueblos  suffered  from  constant  warfare  with  savage  antagonists 
and  with  each  other.  From  the  position  of  their  villages,  long 
sieges  must  of  necessity  have  been  sustained,  in  which  sieges, 
famine  and  disease,  no  doubt,  were  the  allies  counted  upon  by  the 
investing  forces.  We  may  have  in  this  abominable  dance  a  tra- 
dition of  the  extremity  to  which  the  Zunis  of  the  long  ago  were 
reduced  at  some  unknown  period.  A  similar  catastrophe  in  the 
history  of  the  Jews  is  intimated  in  II  Kings,  xviii,  27.  "  But 
Rab-shakeh  said  unto  them  :  hath  my  master  sent  me  to  thy  mas- 
ter, and  to  thee  to  speak  these  words?  hath  he  not  sent  me  to  the 
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men  which  sit  on  the  wall,  that  they  may  eat  their  own  dung  and 
drink  their  own  piss  with  j'ou  ?"  In  the  course  of  my  studies,  I 
came  across  a  reference  to  a  very  similar  dance,  occurring  among 
one  of  the  fanatical  sects  of  the  Ariabian  Bedouins,  but  the  journal 
in  which  it  was  recorded,  the  London  Lancet  I  think,  was  unfor- 
tunately mislaid. 

As  illustrative  of  the  tenacity  with  which  such  vile  ceremonial, 
once  adopted  by  a  sect  will  adhere  to  it  and  become  ingrafted 
upon  its  life,  long,  after  the  motives  which  have  suggested  or  com- 
mended it  have  vanished  in  oblivion,  let  me  quote  a  few  lines 
from  Max  Muller's  "  Chips  from  a  German  workshop,"  "  Essay 
upon  the  Parsees,"  pp.  163-164,  Scribner's  Edition,  1869. 

"  The  Nirang  is  the  urine  of  cow,  ox  or  she-goat,  and  the  rub- 
bing of  it  over  the  face  and  hands  is  the  second  thing  a  Parsee 
does  after  getting  out  of  bed.  Either  before  applying  the  Nirang 
to  the  face  and  hands,  or  while  it  remains  on  the  hands  after  being 
applied,  he  should  not  touch  anything  directly  with  his  hands; 
but,  in  order  to  wash  out  the  Nirang^  he  either  asks  somebody  else 
to  pour  water  on  his  hands,  or  resorts  to  the  device  of  taking  hold 
of  the  pot  through  the  intervention  of  a  piece  of  cloth,  such  as  a 
handkerchief,  or  his  sudm,  t.  e.,  his  blouse.  He  first  pours  water 
on  his  hand,  then  takes  the  pot  in  that  hand  and  washes  his  other 
hand,  face  and  feet."  (Quoting  from  Dadahhai-NadrosV s  De- 
scription of  the  Parsees.) 

Continuing,  Max  Muller  says  :  "  Strange  as  this  process  of  purifi- 
cation may  appear,  it  becomes  perfectly  disgusting  when  we  are 
told  that  women,  after  childbirth,  have  not  only  to  undergo  this 
sacred  ablution,  but  actually  to  drink  a  little  of  the  Nirang^  and 
that. the  same  rite  is  imposed  on  children  at  the  time  of  their  in- 
vestiture with  the  Sudra  and  Koshti^  the  badges  of  the  Zoroas- 
trian  faith." 
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The  significance  of  flora  to  the  Iroquois.    By  Mrs.  Erminnie 
A.  Smith. ^ 

There  are  many  circumstances  which  help  to  prove  that  in  the 
distant  pasta  certain  large  stock  of  Indians,  either  for  their  pro- 
tection in  establishing  outposts  for  the  acquisition  of  hunting  fa- 
cilities or  for  other  reasons,  became  so  dispersed  as  finally  to 
receive  at  least  six  different  tribal  names,  and  to  speak  the  several 
dialects,  known  as  the  Mohawk,  the  Oneida,  the  Onondaga,  the 
Cayuga,  the  Seneca,  and  the  Tuscarora. 

What  may  have  been  the  original  name  of  their  mother  tongue, 
if  we  may  use  that  affectionate  expression,  we  cannot  yet  decide. 
I  see  no  reason  why  it  may  not  have  been  their  own  appellation 
of  themselves  at  the  present  time,  a  name  which  with  slight  dia- 
lectical differences  of  sound  is  common  to  them  all,  namely,  *'  Ko- 
ti-non-'syon-'ni*,"  or  "  Extended  House,"  referring  to  their  style 
of  architecture  and  manner  of  living. 

Most  writers  upon  the  Iroquois,  however,  consider  that  name  to 
date  from  a  confederacy,  reuniting  this  family,  supposed  to  have 
been  originated  by  the  mythical  Haia-hwa't'-thft.' 

From  the  easily  distinguishable  resemblances  between  these 
dialects,  the  early  French  grouped  them  as  the  '*  Iroquois,"  a 
word  supposed  to  mimic  two  very  frequent  endings  common  to  all 
the  different  tribes. 

Under  the  system  of  Indian  nomenclature  lately  adopted  bj'  the 
Bureau  of  Ethnology,  the  term  "  Iroquoian"  has  been  applied  to 
this  group. 

In  a  paper  which  I  had  the  honor  of  reading  before  the  Associa- 
tion some  years  ago,  I  endeavored  to  explain  some  of  the  differ- 
ences between  the  dialects  composing  this  group  and  some  probable 
causes  of  the  same,  but  in  this  brief  study,  I  shall  have  occasion  to 
note  more  particularly  their  marked  resemblances,  confining  my 
examples  within  the  limited  scope  of  my  subject. 

In  a  list  containing  forty  names  of  trees  and  plants  which  I  pro- 
cured from  each  of  the  six  tribes,  more  than  half  have  the  same 
name  in  each  one  of  the  dialects. 

The  differing  names  are  nearly  all  confined  to  the  Seneca  and 
Cayuga  dialects. 

1  This  paper  is  publisheil  witliont  revision  by  Mrs.  Smith,  whose  death,  it  is  my  sad 
duty  to  nnnounce,  occurred  on  June  0,.1886,  at  her  home  in  Jersey  City,— Editor. 
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Among  the  marked  resemblances  are  the  following : — 

English.  Tdscarora. 

Beam  Tree,  N&.rha'-kwi.' 

Beans,  U-g&"-ha-'rha,  or,  9&"-ha'. 

Beech  Tree,  U-tcka"rh'.ha.' 

Corn,  U-na»-"ha. 

Cranberry,  Tu'ks'w&^-na"'. 

Cypress,  U-na*-tu'-yft'. 

Hemlock,  U-na»*'-ta'. 

Hops,  U-tci*'-tca'. 

Mulberry,  9^^**""y*5- 

Raspberry,  Ts^^u-ta'-kwfi-k&'ya*. 

Raspberry,  Red,  U-na'-tcu"-kwa. 

Rice,  U-ni'-tca'. 

Spruce,  •   U-tcu'-ku^-na**'. 
Tamarack,  Ka-na"''-t"a9 

Tobacco,  Tcarh-hu.' 

White  Pine,  U-na"-la'. 

White  Cedar,  U-§u'.rha''-t&'. 

Wild  Cherry,  '    A'-rhT'. 
Winter  Green,  Ka-na-ka"^s&'-krha^. 

Turnip,  U-bcT"-kwa.' 

These  then  are  pure  Iroquoian  words,  souvenirs  of  prehistoric 
forests  where  the  crack  of  a  rifle  was  unheard  and  unknown,  and 
of  a  time  when  special  uses  and  qualities,  fanciful  ideas,  or  sup- 
posed resemblances  were  the  science  of  nomenclature. 

Though  unwritten,  can  this  Iroquoian  language  properly  be 
termed  *' prehistoric"  when  even  its  isolated  words  represent  beau- 
tiful thoughts  and  images,  and  are  in  themselves  a  history,  and 
representatives  of  the  mode  of  thought  in  that  distant  age,  when 
they  were  spoken? 

Let  us  decipher  a  few  of  these  ancient  words  and  compare  them 
with  as  many  in  English,  and  they  will  reveal  to  us  at  least  the 
sameness  in  the  underlying  structure  of  languages,  whether  they 
be  high  up  or  low  down  on  the  rounds  of  the  ladder  of  development. 

To  the  native  Iroquois  the  white  ash  was  the  bow  tree  and  the 
black  ash  the  canoe  tree,  implying  that  from  these  two  trees  were 
fashioned  those  indispensable  articles. 
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The  elm  tree  was  the  symbol  of  grace,  and  happy  the  Iroquoian 
maiden  wlio  in  her  childhood  had  drunk  of  its  sap,  and  was 
therefore  destined  to  be  as  statel}'. 

The  spruce  was  named  from  its  erect  cones ;  the  apple  was  the 
large  fruit.  The  original  meaning  of  the  strawberry*  is  unknown, 
but  a  pineapple  is  now  termed  "  large  strawberry." 

Water  melon  translates  '^  It  sheds  its  blush,"  and  musk  melon 
"  ripening  fruit."  Corn  means  seed,  marking  it  as  having  been 
at  some  period  their  only  agricultural  product.  This  is  further 
proven  from  the  fact  that  corn  has  in  the  Iroquois  a  verb  "  to 
plant "  of  its  own  which  is  in  reality  the  name  of  the  famous 
Cornplanter,  the  word  "  corn  "  not  being  present  in  that  proper 
name.  Wintergreen  translates  pleasant  odor,  and  the  word  for 
cranberry  imitates  the  sound  which  is  made  when  picking  this  fruit. 

We  may  not  find  in  this  nomenclature  the  poetry  of  man}'  of  our 
own  floral  names,  such  as  "  eyebright,"  "  bluebell,"  *'  maiden's 
hair,"  "  lady  slipper,"  and  some  others.  But  may  there  not  be 
many  Iroquoian  words  whose  literal  meanings  are  as  beautiful, 
though  now  as  unknown  to  those  who  use  tUem  as  is  Chaucer's 
"  Day's-eye  "  to  many  English  speaking  people  who  to-day  find  no 
sentiment  in  the  word  dais}'? 

We  find  in  Iroquois  many  homonyms  the  explanations  of  which 
are  very  curious.  Our  dandelion  anglicised  from  the  French  dent 
de  lion  (lion's  tooth),  alluding  to  the  shape  of  its  petals,  is  in  Tus- 
carora,  Ka'-rha,  and,  coming  simultaneously  with  the  sturgeon  is 
said  to  announce  its  arrival  and  is  therefore  called  by  the  same 
name  as  that  fish.  Correspondingly  in  English  we  have  the 
^'Cuckoo  flower,"  so  called  because  this  orchis  blossoms  about  the 
time  that  the  cuckoo  is  first  heard. 

The  Iroquois  find  a  resemblance  between  the  cucumber  and  the 
warty  toad,  and  they  have  the  same  name ;  and  the  words  for  tur- 
nip and  fist  are  alike. 

Many  homon3*ms  in  English  arise  in  the  same  manner,  from 
similar  resemblances ;  for  examples,  dock  is  from  the  Icelandic 
docke,  a  tail,  to  cut  short,  and  dock  is  a  taprooted  plant,  or  plant 
with  a  tail ;  also  flag  to  grow  weary,  from  moving  to  and  fro,  so 
flag  an  ensign  which  moves  in  the  wind,  and  flag,  a  plant  from  its 
waving  motion. 

The  witch  hazel  in  Tuscarora  is  named  from  its  pith,  the  alder 
from  its  lack  of  it.    Oats  in  Mohawk  are  named  from  their  droop- 
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ing  tendency  which  reminds  us  of  the  poetical  German  name 
*'  golden  rain,"  given  to  our  drooping  laburnum. 

The  quantities  of  bhieberries  growing  upon  the  Alleghanies 
gave  their  name  to  those  mountains.  The  word  Erie  is  also  Iro- 
quoian,  named  from  its  being  the  locality'  where  wild  cherries 
abounded. 

The  reflection  of  the  trees  in  the  lake  at  Toronto  gave  that  city 
the  Iroquois  name  which  it  still  bears.  How  familiar  is  this  system 
of  nomenclature  to  those  interested  in  the  origin  of  names  ! 

Madeira  was  named  by  the  Portuguese  from  its  great  forests ; 
the  classic  name  Peloponnesus  was  changed  to  Morea  from  the 
resemblance  of  that  region  to  the  shape  of  a  mulberry  leaf,  and 
the  meaning  of  Florida  is  familiar  to  all. 

The  synonyms  of  the  Iroquoian  group  probably  date  from  their 
separation  into  tribes.  Words  occur  among  the  different  tribes 
which  are  radically  different  but  which  have  the  same  literal 
meaning.  Thus  in  Tuscarora  a  head  of  cabbage  is  u-tS,^'-rhaS 
while  in  Mohawk  the  word  o-non^-tci  means  literallj'  the  same  thing, 
— head. 

In  Tuscarora,  wat-a°'-rha"*'-ih-tha',  signifying  the  poplar,  trans- 
lates literall}',  "  its  wings  (its  leaves)"  up  and  down,  while  in  the 
Mohawk  wa-ne-ra-tofL'-'th&,  signifies  the  same  thing. 

That  the  Tuscarora  name  for  the  pear  is  quite  modern  is  amus- 
ingly apparent.  The  word  for  bear  in  that  dialect  is  u'-tci''-rha"' ; 
having  no  labials  in  Tuscarora,  and  mistaking  the  *^  p  "  for  a 
"  b,  "  thus  supposing  the  English  called  the  fruit  a  bear,  the}'  ap- 
plied to  it  their  own  name  for  that  animal,  u'-fci*'-rha"'. 

The  Iroquois  appellations  for  flowers  are  often  used  for  feminine 
proper  names,  as  A-wonne-ont^  hanging  flower ;  K&-tcT'-tci'-«fo'- 
A:t(;as<,  beautiful  flower ;  while  trees  and  their  qualities  often  serve 
for  masculine  proper  names.  This  practice  of  surnamiug  girls 
after  flowers  and  beautiful  objects  is  quite  common  to  us  and  is  of 
very  ancient  date,  but  it  is  noticeable  that  in  modern  times  more 
plants  have  been  named  after  men  than  contrariwise,  as  the  Gen- 
tian from  Gen  tins.  Dahlia  after  Dahl,  a  Swede  who  introduced  its 
cultivation,  Fuchsia  named  after  Fuchs,  Magnolia  after  Magnol, 
while  the  Camellia  received  its  name  from  being  introduced  from 
Japan  into  Europe  by  Camellus,  a  Moravian  Jesuit. 

That  an  original  name  in  Iroquois  has  often  been  transferred  to 
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Other  than  the  original  object,  is  verified  by  examples  like  the  fol- 
lowing : — 

U-nan"-^a'  =  potato         in  Tuscarora. 

0-nofi-sa    =  onion  "    Onondaga. 

Wi*'-sa"nt  =  strawberr}'  "  Tuscarora. 

Wis  =  plum  "  Onondaga. 

Something  corresponding  to  this  is  the  case  with  the  German 
word,  tartuffle^  given  to  the  potato  on  account  of  its  resemblance  to 
their  tartolBe  or  truffle.  They  have  since  changed  the  t  into  a  k, 
making  kartoffle. 

These  analogies  might  be  carried  much  farther  if  the  subject  were 
extended  outside  the  chosen  limit  of  Flora,  but  I  doubt  if  any  other 
subject  would  be  as  fruitful  in  producing  examples  capable  of  com- 
paring favorably  with  those  selected  from  a  language  into  whose 
treasury  all  civilized  nations  have  lavished  their  contributions. 

There  was  much  in  nature  incomprehensible  to  the  Iroquois  mind 
but  not  so  were  the  forest  trees.  They  were  his  guide,  his  friends 
and  companions,  and  all  vegetation  served  to  supply  so  many  of 
his  wants  that  we  find  the  six  religious  festivals  of  the  Iroquois 
principall}''  devoted  to  giving  thanks  for  the  maple,  strawberry, 
green  corn,  bean  and  squash,  calling  them  ^^Our  life,  our  support- 
ers ;"  whilst  tobacco  was  continually  thrown  upon  the  fire  that 
their  prayers  might  ascend  in  its  cloud  of  smoke. 

The  most  striking  metaphors  of  the  Iroquoian  orators  were  those 
in  which  they  likened  themselves  to  the  forest  trees.  To  a  friend 
who  called  upon  the  great  Oneida  chief  Skd^-nd^^'don^  a  short  time 
before  his  death,  he  expressed  himself  thus :  *^  I  am  an  aged  hem- 
lock, the  winds  of  a  hundred  winters  have  swept  through  my 
branches.  I  am  dead  at  the  top.  The  generation  to  which  I 
belonged  has  run  away  and  left  me.  Why  I  live  the  Great  Spirit 
knows.  Pray  to  him  that  I  may  have  patience  to  wait  my  appoint- 
ed time  to  die." 

A  lady  who  knew  the  fondness  of  the  famous  Red  Jacket  for 
children  inquired  of  him  if  he  had  any  living,  as  she  knew  that 
several  had  been  taken  away.  Fixing  his  eyes  upon  her  with  a 
mournful  expression,  he  replied :  "  Red  Jacket  was  once  a  great 
man,  and  in  favor  with  the  great  spirit.  He  was  a  lofty  pine 
among  the  smaller  trees  of  the  forest.  But  after  years  of  glory  he 
degraded  himself  by  drinking  the  fire  water  of  the  white  man. 
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The  Great  Spirit  lias  looked  upon  him  in  anger,  and  his  light- 
ning has  stripped  the  pine  of  its  branches." 

The  early  j'outh  of  this  great  orator  was  spent  in  the  beautiful 
valley  of  the  Genesee.  There  were  his  favorite  hunting  grounds. 
There  his  memory  loved  to  linger.  During  the  strife  of  wars  and 
the  more  bitter  strife  of  treaties,  he  had  indulged  very  little  in  his 
favorite  pastime,  but  when  aday  of  comparative  quiet  came,  he  took 
his  gun  and  went  forth  in  the  hope  of  finding  a  deer.  He  had  gone 
but  a  short  distance,  when  a  clearing  opened  before  him  ;  the  old 
man  turned  aside  and  wandered  in  another  direction,  but  soon 
came  to  a  place  where  the  white  man  was  turning  the  earth  up  in 
dark  furrows  over  a  large  field.  It  was  then  that  he  sat  down 
upon  a  fallen  oak  and  wept  bitter  tears,  that  the  haunts  of  his 
youth  were  being  despoiled  of  all  that  had  rejoiced  the  heart  of  his 
childhood  and  manhood. 

The  medicinal  properties  of  plants  and  roots  were  understood  by 
the  Iroquois,  and  although  the  knowledge  was  principally  confined 
to  the  "  medicine  men,  "  we  find  in  the  myths  many  allusions  to 
the  wonderful  cures  produced  by  the  use  of  even  the  simplest 
vegetable  remedies. 

The  origin  of  medicine  among  the  Tuscaroras  was  related  to.  me 
as  follows  by  Chief  John  Mountpleasant  of  the  Bear  clan : —  Once 
upon  a  time  a  sickly  old  man,  covered  with  sores,  entered  an  Indian 
village  where  over  each  wigwam  was  placed  the  sign  of  the  clan  of 
its  possessor ;  for  instance,  the  beaver  skin  denoting  the  Beaver 
clan  ;  the  deer  skin  the  Deer  clan.  At  each  of  these  wigwams  the 
old  man  applied  for  food  and  a  night's  lodging,  but  his  repulsive 
appearance  rendered  him  an  object  of  scorn,  and  the  Wolf,  and  the 
Tortoise  and  the  Heron  had  bidden  the  abject  old  man  to  pass  on. 
At  length,  tired  and  weary,  he  arrived  at  a  wigwam  where  a  bear 
skin  betokened  the  clanship  of  its  owner.  This  he  found  inhabited 
by  a  kind-hearted  woman  who  immediately  refreshed  him  with  food 
and  spread  out  skins  for  his  bed.  Then  she  was  instructed  to  go 
in  search  of  certain  herbs,  which  she  prepared  according  to  his 
directions,  and  through  their  eflScacy  he  was  soon  healed.  Then 
he  commanded  that  she  should  treasure  up  this  secret.  A  few  days 
after,  he  sickened  with  a  fever,  and  again  commanded  her  to  search 
for  other  herbs,  and  was  again  healed.  This  being  many  times  re- 
peated, he  at  last  told  his  benefactress  that  his  missicn  was  ac- 
complished, and  that  she  was  now  endowed  with  all  the  secrets 
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for  curing  disease  in  all  its  forms,  and  that  before  her  wigwam 
should  grow  a  liemlock  tree  wbose  branches  should  reach  high 
into  the  air  above  all  others,  to  signify  that  her  clan  should  in- 
crease and  multiply  and  that  the  bear  should  take  precedence  of 
all  other  clans. 

Tlie  "  origin  of  medicine  "  among  the  Senecas  is  as  follows : — 
Nearly  two  hundred  3*ears  ago,  a  man  went  into  the  woods  on  a 
hunting  expedition.  He  was  quite  alone.  He  camped  out  in  a 
field  and  was  wakened  in  the  night  b}*  the  sound  of  singing  and  a 
noise  like  the  beating  of  a  drum.  He  could  not  sleep  any  more, 
so  he  arose  and  went  in  the  direction  of  the  sound.  To  his  sur- 
prise the  place  had  all  the  appearance  of  being  inhabited.  On 
the  one  hand  there  was  a  large  squash  vine  with  three  squashes  on 
it,  and  on  the  other  a  hill  of  corn.  And  three  ears  of  corn  grew 
apart  from  all  the  others.  He  was  unable  to  guess  what  it  meant, 
but  started  off  on  his  hunting  once  more,  determined  to  return 
some  evening,  being  both  curious  and  uneas}'.  In  the  night  as  he 
slept  near  by  he  heard  again  a  noise,  and  awaking,  saw  a  man 
looking  at  him,  who  said,  "  Beware !  I  am  after  you ;  what  you 
saw  was  sacred ;  3'ou  deserve  to  die."  But  the  people  who  now 
gathered  around  said  the}'  would  pardon*  it,  and  would  tell  him 
the  secret  they  possessed.  "  The  great  medicine  for  wounds,  " 
said  the  man  who  had  awakened  him,  ^'  is  squash  and  corn  ;  come 
with  me  and  I  will  teach  you." 

He  led  him  to  the  spot  where  the  people  were  assembled,  and 
there  he  saw  a  fire  and  a  laurel  bush  which  looked  like  iron.  The 
crowds  danced  around  it,  singing  and  rattling  gourd  shells,  and  he 
begged  them  to  tell  him  what  they  did  it  for,  then  one  of  them 
heated  a  stick  and  thrust  it  right  through  his  cheek,  and  then  ap- 
plied some  of  the  medicine  to  prove  to  him  liow  quickly  it  could 
heal  the  wound.  Then  they  did  the  same  to  his  leg.  All  the  time 
they  sang  a  tune,  they  called  it  the  "  medicine  song,"  and  taught 
it  to  him.  Then  he  turned  to  go  home,  and  all  at  once  he  per- 
ceived that  they  were  not  human  beings  but  animals,  bears,  beavers 
and  foxes,  which  all  flew  off  as  he  looked.  They  had  given  him 
directions  to  take  one  stalk  of  corn  and  dry  the  cob  and  pound  it 
very  fine,  and  to  take  one  squash,  and  cut  it  up  and  pound  that, 
and  they  then  showed  him  how  much  for  a  dose.  He  was  to  take 
water  from  a  running  spring,  and  always  from  up  the  stream,  and 
never  down.    He  made  up  the  prescription  and  used  it  with  very 
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great  success,  and  made  enough  before  he  died  to  last  over  one 
hundred  years. 

This  was  the  origin  of  the  great  medicine  of  the  Senecas.  The 
people  sing  over  its  preparation  every  time  the  deer  changes  his 
coat,  and  when  it  is  administered  to  a  patient,  they  sing  the  ^^medi- 
cine  song,"  while  they  rattle  a  gourd  shell  as  accompaniment  and 
burn  tobacco.  Burning  tobacco  is  the  same  as  praying.  In 
times  of  trouble  or  fear  after  a  bad  dream,  or  any  event  which 
frightens  them,  they  say, "  My  mother  went  out  and  burned  to- 
bacco." 

The  medicine  is  prepared  now  with  the  addition  of  meat. 

Numerous  are  the  Iroquois  legends  regarding  the  Flora  sur- 
rounding them. 

1  will  close  with  the  origin  of  the  pond  lily  from  the  Huron- 
Iroquois  to  which  Aid  rich  in  poetizing  has  added  if  possible  an- 
other tint. 

Young  Wa'-wah  had  been  killed  in  the  war,  Mi&ntowonfi,  his  love, 
stoically  heard  of  his  death  and  meekly  continued  her  care  of  an 
aged  father.  But  when  the  old  man  died  she  wept  not,  and  while 
the  mourners  were  chanting  the  dirges  she  stole  from  among  them 
toward  the  bright  water,  but  Na-hft'-ho  who  had  long  loved  her  in 
secret  quicklj^  pursued  her  to  the  river  bank — 

**What  did  he  see  there 
Could  so  appall  him  ? 
Only  a  circle 
Swiftly  expanding, 
Fading  before  him. 
But  as  he  watched  It 
Up  ftrom  the  centre 
Slowly  superbly 
Kose  a  Pond  Lily/' 


Burial    customs   op    our    aborigines.      By  Henrt  Gillman, 
Detroit,  Michigan. 

In  a  paper^  read  before  the  American  Association,  at  the  De- 
troit meeting,  August  16,  1875,  extended  mention  is  made  by  the 

>"The  Ancient  men  of  the  Great  Lakes,"  by  Henry  Gill  man :  ProceodlngH  of  Uie  Am- 
erican Aasociation,  1875. 
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writer  of  the  peculiar  custom  of  perforating  the  human  skull  after 
death.  The  discovery  of  the  custom,  which  seems  to  be  associated 
with  some  interesting  and  curious  superstition  of  the  early  inhab- 
itants of  this  country,  was  made  in  the  year  1869,  when  I  exhumed 
from  the  Great  Mound  on  the  Rouge  River,  Michigan,  the  frag- 
ments of  two  skulls  each  of  which  presented  the  peculiarity.  As 
additional  material  and  facts  were  accumulated  by  me,  in  the  course 
of  my  investigations,  I  continued  to  disseminate  the  information 
through  various  scientific  channels,^  to  which  it  is  unnecessaiy  I 
should  do  more  than  simply  refer.  Lately,  in  the  American  Nat- 
uralist, I  gave  a  description  of  perforated  crania  recently  taken 
from  mounds  on  the  Detroit  River.  In  exhibiting  to  the  Associa- 
tion two  specimens  of  those  skulls,  I  shall  take  occasion  to  allude 
to  or  describe  some  of  the  burial  customs  of  our  native  Indian 
tribes  which  have  come  under  my  personal  observation,  and  which 
may  be  calculated  to  throw  some  light  on  the  very  remarkable 
custom  of  which  these  skulls  are  an  illustration. 

In  the  first  of  these  fragmentary  crania,  the  cephalic  index  would 
throw  it  into  the  medium  or  orthocephalic  group,  or,  to  follow  the 
nomenclature  of  Prof.  Broca,  the  mesaticephalic  division.  The 
single  circular  perforation  occupies,  as  usual,  a  central  position  at 
the  vertex  of  the  skull,  being  situated  on  the  sagittal  suture,  about 
0.6  of  an  inch  back  of  its  junction  with  the  coronal  suture.  The 
perforation  is  0.4  of  an  inch  in  diameter,  and  was  probably  made 
in  the  same  manner  as  were  all  those  I  have  seen,  by  a  rude  stone 
implement  rotated  by  hand. 

The  second  specimen  is  evidently  not  of  as  great  antiquity  as 
the  first.  Its  fragmentary  condition,  the  occipital  bone  and  parts 
of  the  parietal  bones,  etc.,  being  wanting,  prevents  taking  most  of 
the  usual  measurements  but  though  a  smaller  and  narrower  skull 
than  the  first  mentioned,  its  cephalic  index  would,  doubtless,  place 
it  in  the  same  range,  viz.,  that  of  the  medium  or  mesaticephali.  It 
is,  however,  most  interesting  in  presenting  the  unusual  feature  of 
having  two  perforations.  The  smaller  of  these,  less  than  0.4  of  an 
inch  in  diameter,  is  situated  on  the  sagittal  suture,  and  at  a  point 
about  0.1  of  an  inch  back  of  its  junction  with  the  coronal  suture. 

'See  "Certain  Characteristics  pertaining  to  Ancient  Man  in  Michigan :"  Snoithsonian 
Report  for  1875.  Also  "Artificial  perforation  of  the  Cranium :"  American  Naturalist, 
Angust,  1875,  Vol.  ix,  p.  473.  And  "Additional  facts  concerning  Artificial  perforation 
of  the  Cranium  in  Ancient  Mounds  in  Michigan,*' read  before  American  Association, 
Nashville  Meeting,  September  4, 1877. 
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The  second  perforation  is  over  0.4  of  an  inch  in  diameter,  and  is 
placed  on  the  frontal  bone,  in  a  straight  line  with  the  direction 
of  the  sagittal  suture,  and  0.35  of  an  inch  from  its  junction  with 
the  coronal  suture.  The  perforations,  from  centre  to  centre,  are 
0.8  of  an  inch  apart. 

In  my  examination  of  these  specimens,  I  have  made  the  impor- 
tant discovery  that  the  perforations  in  both  of  them  are  counter- 
sunk, or  made  from  both  sides — from  the  inside  as  well  as  the 
outside  of  the  skull.  The  bevelled  edges  unquestionabl3'  settle  this 
point,  and  are  a  further  confirmation,  if  any  such  were  required,  as 
to  the  perforations  being  post  mortem.  This  is  a  point  overlooked 
by  me  in  my  previous  studies,  and,  indeed,  doubtless  is  wanting 
in  the  perfect  crania,  where  the  perforations  could  not  well  have 
been  made  except  from  the  outside  of  the  bone. 

These  two  specimens  present  many  of  the  characteristics  ob- 
served by  me  in  other  crania  I  have  taken  from  our  mounds.  In 
the  second  and  narrower  skull,  the  outlines  of  the  orbital  cavities, 
wanting  in  the  first  and  larger  cranium,  are  decidedly  quadrilateral ; 
the  frontal  protuberances  are  less  pronounced,  and  the  glabella, 
which  in  the  first  specimen  is  replaced  by  a  slight  depression  be- 
tween the  superciliary  arches,  is  represented  b}'  the  usual  swelling. 
The  first  skull,  which  is,  as  I  have  already  stated,  the  more  ancient 
of  the  two,  is  further  significantly  distinguished  by  having  a  small 
though  distinctly  developed  epactal  bone.  This  bone,  sometimes 
called  "the  bone  of  the  Incas,"  from  its  prevalence  in  certain  an- 
cient Peruvian  skulls,  I  have  already  called  attention  to  as  occa- 
sionally pertaining  to  the  more  ancient  crania  from  our  Michigan 
mounds  ;  and  also  to  a  special  inclination  (if  I  may  so  describe  it) 
to  produce  this  bone,  as  though  at  one  time  some  ancestors  had 
possessed  this  distinctive  characteristic,  but  that  the  peculiarity, 
in  the  later  generations,  possibly  through  inimical  environment  or 
intermixture  with  other  races,  was  gradually  eliminating. 

Both  of  the  specimens  seem  to  have  belonged  to  male  adults,  as 
do  all  others  of  the  perforated  skulls  which  I  have  observed.  The 
location  of  the  perforation,  too,  as  in  all  other  instances  which  have 
come  before  me,  appears  not  to  be  governed  by  the  position  of  the 
sutures,  but  only  by  the  object  of  properly  balancing  the  skull  in 
suspension. 

It  may  be  of  importance  to  call  attention  to  the  fact  that  the  per- 
forated skulls  which  have  come  under  my  notice  do  not  belong  to 
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any  one  of  the  established  groups  or  divisions,  but  include  all. 
On  referring  to  my  tables,  I  find  these  crania  representing  Doli- 
chocephali,  Orthocephali  or  Mesaticephali,  and  Brachycephali.  I 
may  add  that  skull?  belonging  to  all  these  divisions,  and  without 
being  perforated  are  also  found  in  our  Michigan  mounds,  and  some- 
times even  in  the  same  mound. 

As  to  the  superstition  and  peculiar  feelings  and  motives  con- 
nected with  this  custom  of  perforating  the  cranium,  I  must  confess 
I  have  but  little  more  to  say  than  what  I  have  already  given  in 
former  papers.  The  suspension  of  the  head,  evenly  balanced,  was 
evidently  an  important  part  of  the  design.  That  tlie  performance 
of  the  rite  was  invariably  post  mortem^  and  after  the  flesh  had  de- 
cayed from  the  bones,  and  that  it  was  not  general,  but  was  reserved 
for  the  few,  and  those  adult  males,  who  were  specially  honored, 
would  seem  to  be  established.  In  all  probability,  some  religious 
or  superstitious  notion  was  connected  with  it.  Possibly  it  may 
have  reference  to  the  belief  in  the  immortality  of  the  soul. 

It  is  singular  that,  notwithstanding  the  extensive  researches 
among  the  burial  mounds  of  this  continent,  the  custom,  so  far,  ap- 
pears to  be  eontined  to  this  region  and  the  State  of  Michigan, 
if  we  except  one  isolated  instance,  from  California,  perhaps  not 
as  clearly  substantiated  as  could  be  wished.  The  pierced  skulls 
recently  brought  to  light  from  Ohio  mounds,  sq  far  as  I  under- 
stand, present  a  totally  different  kind  of  perforation,  and  cannot 
be  classed  with  these. 

It  may  well  be  asked :  If  our  native  Indian  tribes  are  the  de- 
scendants of  this  people,  vfhy  do  we  not  see  some  traces  of  the  cus- 
tom among  them  ? 

The  crania  and  other  bones  taken  from  adjoining  mounds  are  of 
considerable  interest,  though  some  of  them  are  evidently-  not  of  as 
great  antiquity  as  the  perforated  skulls.  The  accompanying  uten- 
sil made  from  a  shell  of  the  genus  Bus3'con,  which  must  have  been 
brought  from  the  seacoast,  probably  once  formed  the  bowl  of  a 
spoon.  It  was  taken  with  some  human  bones  from  an  adjacent 
mound.  The  holes  at  one  end  of  the  utensil,  four  in  number,  and 
in  arc  like  arrangement,  seem  to  liave  been  made  for  its  attach- 
ment to  the  handle,  which  has  long  ago  decaj'ed.  It  appears  to 
have  been  smeared  with  paint,  perhaps  at  the  time  of  burial,  as  the 
adherent  sand  would  indicate.  Its  size,  nearly  four  inches  long 
by  three  and  a  half  inches  wide,  and  over  three- fourths  of  an  inch 
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deep,  would  have  constituted  it  an  effective  spoon  or  ladle.  But 
it  may  have  been  used  as  an  ornament  for  the  person,  and  this 
would  the  more  readily  account  for  its  being  deposited  with  the 
deceased  owner.  In  this  latter  case  tlic  holes  would  have  been  for 
the  purpose  of  attaching  it  to  the  person :  though  the  necessity  of 
so  many  is  not  obvious.  Among  the  pottery  exhumed  was  a  cu- 
riously shaped  vase  of  large  size,  marked  with  various  indented 
lines,  the  cord  pattern,  as  usual,  predominating. 

Among  otiier  burial  customs  brought  to  liglit  by  the  exploration 
of  our  mounds,  few  are  so  clearly  established  by  the  investigations 
of  the  writer  as  that  of  cremation.  Long  before  the  time  of  inter- 
ment of  these  perforated  crania,  that  the  habit  of  incinerating  the 
remains  of  the  dead  prevailed  among  the  ancient  people  of  this 
region,  has  been  incontestably  proved.  The  custom  seems  to  have 
gradually  sprung  up,  and  then  to  have  been  generally  adopted, 
finally  apparently  abruptly  ceasing  to  be  practiscil,  when  ordinary 
interments,  or  those  in  a  sitting  posture  were  returned  to.  Then 
came  the  burials  among  which  are  found  perforated  crania,  which 
are  succeeded  by  later  burials  without  this  mark. 

Some  of  these  changes  may  betoken  the  driving  out  of  one  race 
or  tribe,  and  the  substitution  of  another.  Few  customs  are  more 
rigidly  adhered  to  than  those  pertaining  to  sepulture.  In  many 
parts  of  Great  Britain  and  Ireland,  to  this  daj',  it  is  considered  the 
proper  thing  to  enshroud  the  dead  with  flannel,  and  to  allow  a 
small  part  of  the  winding  sheet  to  protrude  from  under  the  coffin 
lid :  though  the  law,  enacted  under  Charles  II,  which  compelled 
the  use  of  flannel  for  this  purpose,  and  this  strange  evidence  of 
compliance  with  it,  in  order  to  encourage  the  manufacture  of  wool- 
lens, has  long  been  done  away  with. 

The  remarkable  isolated  instance  of  cremation  found  at  the  base 
of  the  mound  within  the  enclosure  of  Fort  Wayne,  on  the  Detroit 
River,3  is  of  great  value  as  so  clearly  determining  the  point  that 
the  mound  was  erected  to  the  individual  whose  incinerated  remains, 
together  with  copper  knife  and  other  utensils,  were  deposited  in 
the  burial  urn.  It  is  remarkable  that  in  most  of  the  subsequent 
interments  in  the  mound,  cremation  was  not  resorted  to. 

Indications  of  food,  in  the  shape  of  bones  of  birds,  fish,  etc.,  left 

>See  paper,  "Investigntion  of  the  Burinl  Mound  at  Fort  Waynci  Detroit  River/'  by 
ncury  Gillmau.    Bend  at  the  Buffalo  Meeting  of  the  American  ASBOciation. 
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to  provide  for  tbe  departed  on  his  journc}'  to  the  unseen  world  are 
of  frequent  occurrence  in  the  mounds.  So  are  the  imperishable 
stone  implements  of  various  kinds.  There  are  few  of  these  burial 
customs  but  have  reference  to  the  immortal  life.  And  this  idea  of 
providing  sustenance  and  comfort  for  the  dead  seems  to  have  de- 
scended to  our  contemporary  Indians.  I  have  seen  their  graves 
on  the  shores  of  Lakes  Michigan  and  Huron,  and  also  at  Walpole 
Island,  St.  Clair  River,  and  elsewhere,  the  cedar-bark  coverings  of 
which  had  diamond-shaped  apertures,  that  the  soul  might  pass  in 
and  out  unhindered.  Offerings  of  various  kinds  were  coutinuall}'^ 
left  upon  the  graves,  and  consisted  general I3'  of  berries,  beads  and 
tobacco.  The  Pudding-berry  or  fruit  of  the  Coitius  Canadeiisis 
L.  was  a  favorite  offering ;  so  was  tobacco,  which  was  left  in  entire 
plugs,  and  often  stuck  into  the  aperture  at  the  end  of  the  grave. 
Some  of  the  graves  were  marked  at  the  head  by  the  totem  of  the 
deceased.  This  was  usually  made  of  white  cedar  {Thuja  occiden- 
talis  L.),  a  thin  slat-like  stake,  about  eighteen  inches  or  more  in 
Jength,  about  three  inches  wide  at  top,  and  tapering  to  the  bottom 
to  a  point,  in  form  resembling  the  marks  used  in  gardens  for  the 
naming  of  plants.  Rather  neatly  cut  or  carved  on  the  broader 
part  was  the  totem,  the  emblem  or  insignia  of  the  dead  ;  red  ochre 
being  rubbed  into  the  incised  lines,  and  the  top  and  sides  of  the 
stake  being  banded  and  ornamented  with  the  same  pigment.  The 
totems  were  often  quite  characteristic,  and  the  designs  always 
distinguishable  for  the  objects  they  were  intended  to  represent. 
Some  well-known  quadruped,  bird,  fish  or  reptile  was  generally 
chosen.  I  noticed  among  them  the  beaver,  crane,  sturgeon,  and 
turtle.  In  some  instances  several  figures  of  men  were  added  lower 
down  ;  and  these  were  of  the  usual  rude,  conventional  type  of  de- 
])icting  man  common  to  children  who  have  not  learned  to  draw. 
There  were  sometimes  as  many  as  seven  or  more  of  the  figures  to 
which  I  refer ;  and  I  was  informed  they  represented  the  number  of 
enemies  which  the  deceased  had  slain  in  battle. 

I  shall  conclude  with  mention  of  one  of  the  most  remarkable  of 
the  customs  connected  with  death  and  burial,  viz. :  the  burning  of 
the  wigwam  or  lodge  on  the  decease  of  an  inmate,  as  practised  by  the 
Ojibway  Indians.  In  this,  the  clothes  and  other  effects  of  the 
dead  are  often  if  not  always  included.  That  the  custom  is  still 
adhered  to,  I  had  once  the  opportunity  of  observing,  on  the  south 
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shore  of  Lake  Superior.  On  the  occasion  to  which  I  have  refer* 
ence,  a  young  Indian  boy  had  been  accidentally  killed  by  his  sis- 
ter. The  father,  who  could  not  speak  a  word  except  in  Ojibway, 
was  at  the  time  employed  by  me,  and,  I  may  add,  had  shown  him- 
self remarkably  intelligent,  constantly  evincing  an  eager  desire  to 
obey  me  with  promptness  and  to  please.  He  was  with  me  at  the 
instant  of  receiving  the  cruel  news  of  his  son's  death  ;  and  I  never 
saw  any  man  display  more  intense  distress  and  affection  than  he 
did.  It  is  popularly  believed  that  Indians  have  but  little  feeling. 
He  fled  from  my  side,  like  a  deer,  rushing  toward  his  lodge,  through 
swamps  and  thickets,  utterly  regardless  of  self,  and  as  though  he 
could  not  get  soon  enough  to  his  dead. 

And  here,  for  the  honor  of  the  natural  man,  I  wish  to  state,  in 
passing,  that  the  untutored  modesty  and  purity  of  this  Indian,  with 
regard  to  the  care  of  his  person  and  otherwise,  would  have  shamed 
many  a  white  man,  even  of  our  better  class,  in  whom  are  seen  too 
often  exhibited  the  opposite  characteristics.  Such  things  are  diffi- 
cult to  describe,  and  especially  to  write  about,  and  I  must  content 
myself  with  simply  saying  there  was  a  delicacy  and  propriety  of 
conduct  manifested  in  this  direction,  by  this  unsophisticated  Ojib- 
way, with  his  woodland  ways,  that  I  was  quite  unprepared  for.* 

The  intelligence  of  the  fatal  accident  to  the  boy  had  reached  us 
in  the  evening,  about  dusk.  It  was  impossible  that  I  could  then 
leave.  The  next  morning,  being  Sunday,  I  walked  to  the  lodge, 
to  see  the  afflicted  father ;  but  found  scarcely  a  trace  of  the  wig- 
wam. It  had  been  completely  consumed,  in  compliance  with  the 
usage  of  the  tribe  ;  not  a  particle  of  it  remained  that  had  not  been 
reduced  to  ashes.  On  Inquiring,  I  learned  that  the  father  and 
mother  had  left,  with  the  dead  body  of  their  son,  for  an  Indian 
village  and  bur3nng-ground  several  miles  away.  A  new  lodge  bad 
been  erected  at  some  little  distance  from  where  the  old  one  had 
stood  ;  and,  to  it,  the  rest  of  the  famil}',  including  the  sister,  who 
was  the  cause  of  the  death,  and  the  aged  grandmother,  who  was 


^Investigations  subsequently  made  by  me  establish  the  fact  that  this  trait  is  not  un- 
common even  among  our  wild  Indians  of  the  far  west.  I  have  bad  more  than  one  in- 
stance  illustrating  it  brouglic  to  my  knowledge.  In  the  case  of  an  Omaha  Indian,  shot 
through  the  heart,  in  battle,  while  falling  to  the  earth,  in  the  very  act  of  dying,  he  was 
careful  to  cover  his  person,  readjusting  bis  breech-cloth  (always  worn  by  the  Indian) 
for  the  purpose. 
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nearly  sightless,  had  removed.    The  remaining  member  of  the  fam- 
ily was  a  younger  brother. 

The  burning  of  the  wigvram  was,  of  course,  with  the  belief  it 
would  provide  habitation  for  the  deceased  in  the  other  world,  and 
must  be  accepted,  with  other  similar  customs,  to  some  of  which  I 
have  referred,  as  strong  proof  of  the  faith  of  the  Indian  in  a  future 
existence. 


The  Remains  at  San  Juan  Teotihuacan.     By  Amos  W.  But- 
ler, Brookville,  Ind. 

[ABSTRACT.] 

Twenty-seven  miles  from  the  City  of  Mexico  is  what  is  left  of 
San  Juan  Teotihuacan.  A  little  distance  from  the  railroad  station, 
to  the  northward,  may  be  seen  two  mounds  of  great  size  and  rather 
regular  in  shape.  To  reach  them  one  must  cross  the  valley  of  a 
small  stream,  all  the  time  passing  over  ground  thickly  studded 
with  mounds  and  exceedingly  abundant  in  archseological  remains. 
A  little  over  a  mile  from  the  station  the  first  pyramid,  '*The  House 
of  the  Sun,"  is  reached.  Its  sides  are  partially  covered  with  the 
curious  vegetation  of  the  tableland.  Its  great  size  is  what  first 
attracts  the  attention  of  the  visitor.  According  to  the  best  au- 
thority at  hand  two  sides  of  its  base  are  682  feet  long,  the  other 
two  but  little  less ;  while  its  height  is  221  feet.  Upon  the 
south  is  a  row  of  four  mounds  about  equidistant  from  its  base, 
while  to  the  west  are  three  earthworks  arranged  along  the  base 
with  two  others  but  a  short  distance  off.  Upon  the  eastern  side 
of  this  pyramid  is  a  narrow  winding  passage,  fitted  with  steps  of 
volcanic  stone,  leading  from  the  bottom  to  its  summit.  Upon  the 
top  I  discovered  several  large  stones  which  I  connected  with  the 
tradition  that  a  temple  once  occupied  this  spot.  About  half  a 
mile  to  the  north  and  to  the  south  of  this  pyramid,  arranged  some- 
what in  the  form  of  a  square,  are  two  groups  of  mounds.  At  the 
base  of  the  ^^  House  of  the  Sun,"  upon  the  west  side,  I  noticed  an 
excavation,  the  credit  of  which  is  given  to  the  French.  The  open- 
ing entered  the  pyramid  at  an  angle  of  about  forty  degrees.     A 
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few  feet  in,  a  wall  was  found  at  the  south  side  of  the  opening ; 
following  this,  for  about  twenty  feet,  three  walls  were  discovered, 
parallel  to  each  other  and  to  the  base  running  in  a  southerly  di- 
rection. The  inmost  of  these  was  found  to  be  intersected  by 
another  wall  thus  forming  two  sides  of  a  chamber  of  unknown 
extent.  Within  the  part  of  this  room  which  was  uncovered,  I  ob- 
served a  pillar  3^  feet  square  and  5  feet  high.  From  the  south 
side  of  this  room  a  passage  was  found  which  was  only  uncovered 
for  a  short  distance,  when  the  excavation  ceased.  The  walls  and 
pillar  spoken  of  are  composed  of  gravel  and  volcanic  rock  united 
by  cement,  over  which  a  coating  of  stucco  appears  in  a  good  state 
of  preservation.  The  walls  are  decorated  with  figures  of  human 
beings,  painted  in  red. 

The  "  House  of  the  Moon  "  is  the  name  of  a  smaller  pyramid 
which  stands  about  1000  yards  northwest  of  the  other.  The  base 
of  this  pyramid  is  500  feet  in  length,  426  feet  in  width,  and  its 
height  is  137  feet.  Both  of  these  monuments  have  the  appearance 
of  truncated  pyramids  built  in  three  successive  terraces.  Each 
terrace  recedes  about  six  feet  from  the  edge  of  the  next  lower 
stage,  leaving  passage  ways  all  around  the  pyramid.  Beginning 
a  short  distance  from  the  south  side  of  the  pyramid  of  the  moon, 
a  large  number  of  mounds  and  other  earthworks  are  arranged 
in  two  lines  parallel  to  each  other,  which  extend  in  a  south- 
erly direction  for  a  mile  or  more.  Starting  from  the  two  south- 
ern corners  of  this  pyramid  are  elliptical  embankments  of  earth, 
with  mounds  upon  them,  which  meet  these  rows  of  mounds 
at  right  angles.  The  parallel  rows  of  mounds  are  about  60  feet 
apart.  Between  them  was  a  smooth  road  covered  with  cement, 
upon  either  side  of  which  were  lines  of  steps  or  seats,  also  covered 
with  cement.  Just  above  the  second  terrace,  on  the  side  of  the 
pyramid  facing  this  road,  is  an  opening  which,  after  extending 
downward  toward  the  centre  of  the  structure,  terminates  in  two 
vertical  holes. 

Evidently  each  terrace  of  these  pyramids  was  constructed  sep- 
arately :  that  is,  the  earth  of  each  terrace  was  shaped  and  covered 
with  cement  before  the  next  stage  was  begun.  When  the  whole 
was  completed  another  layer  of  cement  was  put  over  all  the  stories 
of  the  structure.  While  this  last  coat  was  yet  soft,  either  frag- 
ments of  volcanic  rock  were  laid  in  it,  or  else  a  covering  of  such 
rocks  had  been  laid  and  about  them  the  cement  had  been  poured. 
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If  we  consider  radeness  and  simplicity  of  structure  as  eTidence 
of  antiquity,  these  monuments  would  indicate  a  period  prior 
to  any  tiling  wiiich  I  have  seen  upon  tlie  Mexican  plateau,  and  it 
would,  no  doubt,  add  much  to  our  knowledge  of  ancient  American 
life  should  a  satisfactory  exploration  of  this  region  be  made. 
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EDWARD    ATKINSON. 

VICE  PRESIDENT,  SECTION  I. 


THE  APPLICATION  OF  SCIENCE  TO  THE  PBODVCTION  AND 

CONSUMPTION  OF  FOOD. 


Ladies  and  Gentlemen  : — I  have  been  called  to  preside  over 
your  Section  at  the  present  meeting  without  having  had  any  previ- 
ous experience  in  the  conduct  of  the  work ;  I  have,  therefore,  been 
somewhat  at  a  loss  as  to  what  might  be  my  duties  or  my  privi- 
leges ;  but  as  soon  as  I  began  to  consider  the  object  of  the  Asso- 
ciation the  way  became  very  plain. 

If  I  rightly  comprehend  this  purpose  it  is  not  to  popularize 
science  b}'  lowering  its  standard,  but  it  is  to  bring  the  progress 
of  science  and  art  in  their  application  to  human  welfare,  promi- 
nently before  the  public  and  to  bring  together  all  who  have  even 
a  moderate  knowledge  of  the  sciences ;  while  at  the  same  time 
rendering  it  easier  for  all  who  are  engaged  in  the  higher  branches 
of  scientific  research  to  cooperate  together, —  to  confer  with  each 
other, —  and  to  aid  each  other  in  those  preliminary  investigations 
which  must  often  take  many,  many  years  before  their  results  can 
be  applied  to  the  material  welfare  of  humanity. 

Give  all  the  credit  that  we  may  or  which  is  due  to  those  who 
engage  in  the  pursuit  of  knowledge  or  in  the  evolution  of  sci- 
ence for  its  own  sake  ;  yet,  in  one  way  or  another,  their  work  may 
finally  rest,  for  its  justification,  upon  its  infiucnce  on  the  material 
welfare  of  the  race.  We  are  all  numbers  one  of  another,  and  the 
word  which  the  Philistine  may  whisper  to  the  Children  of  Light 
might  be  something  like  this :  '*  Our  Section  I  may  be  only  the 
bread  and  butter  section ;  we  may  deal  only  with  the  prosaic  sub- 
ject of  providing  food,  shelter  and  clothing ;  we  may  be  only  trying 
to  find  out  how  to  save  a  few  dollars'  worth  more  or  less  to  the 
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community,  but  what  would  become  of  all  the  rest  of  you  without 
us?"  Like  other  men,  our  scientific  brethren  must  be  provided 
for  and  sustained.  Would  that  they  were  more  fully  sustained,  and 
that  their  modicum  of  food,  fuel,  shelter  and  clothing  could  be 
supplied  to  them  in  greater  measure  and  on  less  arduous  and  pe- 
nurious conditions  than  these  under  which  they  are  sometimes 
forced  to  work. 

Perhaps  we  may  open  the  way  for  more  adequate  provision  for 
the  higher  branches  of  scientific  research,  if  we  connect  it  directly 
with  the  subjects  which  belong  especially  to  our  own  section. 
Can  we  not  prove,  so  that  he  who  runs  may  read,  that  the  only 
safety  is  in  science  and  that  the  so-called  *•*  practical  man"  who 
distrusts  its  teachings  is  the  most  unpractical  of  mere  theorists? 
Is  he  not  often  the  man  who  thinks  he  knows  everything  from  his 
own  insufficient  observations  and  yet  is  utterly  ignorant  even  of 
the  simplest  principles  of  his  own  art? 

To  this  end  the  direction  of  this  address  will  be  devoted  mainly 
to  opening  the  subject  of  the  future  applications  of  scieuce  to  the 
production  and  use  of  food. 

What  is  the  present  daily  ration  of  the  working  men  and  wo- 
men who  constitute  the  vast  majority  of  the  people  of  this  and 
other  lands? 

What  does  it  cost  them  in  money  or  in  labor? 
What  might  be  the  daily  ration  if  the  science  of  nutrition  could 
be  made  a  part  of  the  common  knowledge  ? 

How  much  could  its  cost  be  reduced,  and  its  nutritious  prop- 
erties increased  ? 

In  preparation  for  this  meeting  I  have  endeavored  to  bring  into 
clear  view  the  vast  changes,  both  social  and  scientific,  which  have 
rendered  the  production  and  distribution  of  all  commodities,  and 
especially  of  food,  so  much  easier  and  more  equitable  during  the 
present  generation  than  ever  before.  I  have  also  endeavored  to 
forecast,  as  far  as  we  may,  that  further  progress  which  may  be 
immediately  before  us,  perhaps  to  be  completed  before  the  end  of 
the  present  century  in  some  special  directions,  such  as  in  the  di- 
vision of  the  electric  current,  or  in  securing  a  supply  of  nitrogen 
at  low  cost  in  agriculture. 

I  shall  endeavor  to  demonstrate  to  you  that  in  the  generation 
which  will  have  passed  between  the  end  of  our  civil  war  and  the 
beginning  of  the  next  century,  greater  progress  will  have  been 
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made  in  the  way  of  material  welfare,  that  is  to  say,  in  the  produc- 
tion and  more  equal  distribution  of  wealth,  than  in  any  preceding 
period  of  the  same  term,  and  perhaps  more  than  in  any  preceding 
century  since  history  began  to  be  written. 

The  true  beginning  of  the  economic  histoiy  of  this  country  may 
hereafter  be  dated  from  the  year  1865 ;  that  is  to  say,  from  the 
end  of  the  active  war  in  which  the  passive  war  of  slavery  culni- 
nated  and  by  which  it  destroyed  itself. 

I  present  this  great  social  change  as  of  the  first  importance,  in 
its  influence  upon  the  economic  history,  not  only  of  this  country, 
but  of  the  world.  To  tiie  English-speaking  people  seems  to  have 
been  given  the  power  of  extending  their  influence  and  their  insti- 
tutions over  every  part  of  the  globe.  It  has  been  clearly  pointed 
out  by  Prof.  Seeley,  that  while  greater  Germany,  greater  Portugal, 
greater  France  and  greater  Spain  have  almost  ceased  to  exist, 
greater  England  continues  to  expand.  Already  the  English- 
speaking  people  of  the  United  States  outnumber  those  of  Great 
Britain  and  all  her  colonies.  What  is  the  force  which  enables  the 
English  State  to  exist,  to  expand  and  to  dominate  all  others? 
What  is  the  essence  of  the  common  law  of  England?  Is  it  not 
the  spirit  of  individual  liberty?  When  slavery  attempted  to  dom- 
inate, it  destroyed  itself  in  conflict  with  the  very  principle  of 
liberty  on  which  this  nation  was  founded  by  Washington,  Jefferson, 
Laurens  and  Patrick  Henrj"^  of  the  south  as  truly  as  by  Hancock, 
Adams,  Hamilton  and  Franklin  of  the  north. 

Only  within  the  last  twenty  years  has  it  been  possible  for  any  one 
of  us  to  speak  of  our  country  as  a  land  of  liberty  without  a  blush 
of  shame.  Yet  so  completely  has  this  change  been  effected  as  to 
have  enabled  me  to  say  to  our  southern  brethren,  with  their  hearty 
approval,  that  so  absolute  has  been  the  revolution  not  only  in  their 
institutions  but  in  their  ideas,  that  it  would  take  a  greater  war  to 
reimpose  the  burden  of  slavery  upon  them  than  it  did  to  destroy 
it ;  and  I  added  that  the  time  may  not  be  far  distant  when  the 
descendants  of  confederate  soldiers  will  erect  a  monument  to  John 
Brown  upon  the  heights  of  Harper's  Ferry,  in  commemoration  of 
the  liberty  which  he  gave  to  the  whites  of  the  south  when  he  fired 
the  first  shot  for  the  freedom  of  the  blacks. 

Coupled  with  this  great  social  change  have  come  such  material 

changes  that  I  think  it  is  perfectly  safe  to  say  that  "  Uncle  Sam" 

'  considered  as  a  concrete  individual  can  do  at  least  a  third  more 
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work  in  the  same  number  of  hours  and  can  produce  a  third  more 
product  measured  by  quantity  in  ratio  to  a  given  amount  of  labor 
than  was  possible  for  him  to  produce  and  distribute  twenty  or 
twentj'-five  3'ears  ago. 

My  chief  purpose  in  this  address  is,  first,  to  pass  in  review 
these  other  changes,  aside  from  the  destruction  of  slavery,  which 
have  been  brought  about  by  the  advancement  of  science,  by 
means  of  which  tlie  necessary  struggle  for  life  has  been  so  greatly 
lessened  and  the  abundance,  especially  of  food,  has  been  so  vastly 
increased.  I  shall  then  endeavor  to  forecast  the  Aiture  in  such  a 
way  as  will  at  least  give  a  dim  perception  of  what  the  next  cen- 
tury may  have  in  store  for  our  children,  if  the  inventions  or  dis- 
coveries, which  now  seem  to  be  on  the  very  edge  of  being  per- 
fected, shall  be  presently  completed. 

In  the  course  of  less  than  this  single  generation  which  will 
have  passed  between  the  date  when  peace  had  become  established 
and  the  unity  of  this  nation  had  been  assured  by  the  removal  of  the 
only  cause  of  disruption,  mankind,  as  a  whole,  will  also  have  gained 
greater, power  over  the  forces  of  nature  and  will  have  reduced  the 
effort  necessary  to  secure  a  comfortable  subsistence  in  greater 
measure  than  in  any  other  similar  period  in  the  recorded  history 
of  the  world.:  not  even  excepting  the  generation  in  which  the 
smelting  of  iron  with  mineral  coal  was  first  discovered,  in  which 
period  the  steam  engine  was  also  invented ;  or  that  in  which  the 
modern  textile  factory,  the  railway  and  the  locomotive  engine  were 
first  put  to  use ;  or  that  in  which  the  steamship  and  the  telegraph 
wire  first  crossed. the  ocean. 

Perhaps  the  only  .period  which  can  be  compared  with  the  present 
in  the  importance  of  the  new  forces  placed  at  the  use  of  man, 
would  be  that  in  which  gunpowder  was  invented.  This  invention 
was  of  supreme  importance  in  economic  history.  It  finally  com- 
pleted the  change  in  the  method  of  the  distribution  of  wealth 
from  status  to  contract.  It  affected  society  more  profoundl}'  than 
any  other  invention  ever  made,  because  it  rendered  the  weak  man 
equal  to  the  strong  man.  It  destroyed  the  ix)wer  of  the  man  clad 
in  armor  to  secure  wealth  without  work.  It  made  modern  mining 
possible,  rendering  metals  abundant.  It  equalized  the  conditions 
of  men  without  regard  to  superior  strength.  It  substituted  brain 
for  muscle  ;  and  it  finally  turaed  the  scale  between  despotism  and 
freedom,  by  rendering  individual  liberty  possible. 
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It  is  I  think  commonly  assumed  that  the  invention  of  the  steam 
engine,  the  spinning  frame  and  the  power  loom,  which  came  nearly 
together,  made  greater  changes  in  the  production  and  distribution 
of  wealth,  perhaps  in  a  single  half-century,  than  ever  occurred  be- 
fore or  since  ;  but  you  will  observe  that  the  force  of  steam  was  sub- 
stantially limited  during  the  first  half-century  of  its  application,  to 
reducing  the  cost  of  labor  in  making  textile  fabrics  for  clothing  and 
in  working  metals,  but  that  it  has  only  been  in  recent  years  that  it 
has  exerted  any  great  influence  in  respect  to  the  production  or 
distribution  of  food. 

Now,  important  as  clothing  may  be,  it  is  relatively  unimportant 
as  compared  to  food  in  the  proportion  of  labor  required  for  its 
production. 

Even  at  the  present  time,  all  the  available  statistics  prove  that, 
measured  in  terms  of  money,  the  cost  of  food  (including  drink  as 
one  element,  for  whatever  it  is  worth),  is  not  less  than  three  times 
the  cost  of  clothing  to  the  working  people  of  this  country  and  it 
bears  even  a  greater  proportion  to  the  whole  cost  of  living  of  the 
working  people  of  Europe,  probably  four  or  five  to  one. 

If  this  be  so  now,  how  much  greater  this  disparity  must  have 
been  twenty-five  years  since  when  the  value  of  grain  was  exhausted 
by  transportation  over  an  area  of  one  hundred  and  fifty  miles  on 
common  highway's,  and  when  our  railway  service  consisted  only 
of  a  few  disconnected  lines  inefficiently  operated  for  a  ver}'  limited 
service  over  a  small  area. 

If,  then,  one-half  the  struggle  for  life  measured  in  money,  and 
more  than  one-half  when  measured  b}^  the  work  of  the  household 
of  the  prosperous  mechanic,  artisan,  or  operative ;  yet  more  than 
one-half,  even  in  mone}',  in  respect  to  the  common  laborer,  is  the 
price  paid  for  food,  I  think  you  will  agree  with  me  that  the  inven- 
tions and  improvements  of  the  last  twenty  years  which  have  been, 
you  will  observe,  mainly  directed  to  the  increased  production  and 
cheap  distribution  of  grain  and  meat,  have  affected  human  welfare 
in  even  greater  measure  than  those  which  ensued  immediately  after 
the  invention  of  the  steam-engine  and  the  spinning-frame  and  more 
than  any  other  inventions  which  have  come  into  use  in  any  single 
generation,  or  perhaps  in  any  single  ceiitury. 

Limiting  our  present  treatment  to  our  own  country-,  let  it  be 
observed  that  the  one  provision  of  our  constitution  which  binds 
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these  states  roost  firmly  into  one  nation  is  that  which  forbids  any 
interference  with  free  commerce  among  the  states. 

Under  this  provision,  competition  is  now  absolately  free  oi'er  a 
larger  area  and  among  a  greater  number  of  people  than  are  per- 
mitted this  privilege  in  any  other  part  of  the  world. 

Suppose  this  provision  of  the  constitntion  had  not  existed  and 
tliat  the  people  of  the  state  of  New  York  had  endeavored  to  ob- 
struct the  purchase  and  use  of  the  wheat  of  the  far  west,  who  would 
have  suffered  ? 

But  although  exposed  to  this  free  competition,  the  wheat  pro- 
duction of  New  York  is  now  almost  as  large  as  when  Genesee 
county  was  the  centre  of  the  wheat  production  of  the  country,  and 
to  it  has  been  adde<l  the  great  variety  of  profitable  ci*ops  which 
make  wheat  but  an  insignificant  factor  in  the  whole  agricultural 
product  of  the  state  of  New  York. 

In  making  this  statement,  that  competition  is  free  over  a  larger 
area  and  among  a  greater  number  of  people  than  anywhere  else,  I 
do  not  forget  the  existence  of  prohibitory  liquor  laws,  or  of  laws 
in  some  of  the  states  which  restrict  the  liberty  of  adults  in  making 
contracts  for  the  hours  of  their  labor.  The  effect  of  such  laws  con- 
stitutes so  slight  an  exception  to  the  competition  which  is  other- 
wise  free,  that  they  may  be  entirely  ignored  ;  neither  would  it  be 
worth  while  to  complicate  the  subject  now  under  consideration  by 
a  discussion  of  the  tariff  question.  It  may  be  admitted  that  free 
competition  has  not  existed  between  this  and  other  countries,  but 
this  fact  may  be  treated  as  an  incident  rather  than  as  a  prime  fac- 
tor in  our  progress :  for  the  reason  that  owing  to  our  great  diver- 
sity of  soil,  climate  and  other  conditions,  substantially  ever}'  branch 
of  mechanical  and  manufacturing  industry  either  had  been  estab- 
lished or  would  have  been  so,  sooner  or  later,  whatever  our  fiscal 
policy  might  have  been.  It  is  seldom  observed  that  there  are  a 
natural  diversity  and  balance  of  occupations  in  ever}'  civilized 
countiy,  and  the  effect  of  tariff  is  rather  to  change  the  direction  of 
a  small  part  of  the  work  done,  than  to  alter  materially  the  relative 
proportions.  This  has  been  especially  true  in  this  country  where 
even  the  productions  of  iron  and  steel  and  the  manufacture  of 
woollen  and  flax  antedated  the  birth  of  the  nation  itself  and  could 
not  be  suppressed  even  by  all  the  power  which  the  mother  country 
exerted  over  the  colonies. 
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In  this  area  and  among  the  people  of  this  countrj^  may  be  found 
as  great  diversities  of  climate,  soil,  condition,  method  of  taxation 
(and  even  in  systems  of  law,  bearing  Louisiana  in  mind)  as  are 
to  be  found  existing  between  the  people  of  different  states  or  na- 
tions, hence  a  necessary  diversitj'^  of  occupations. 

If  we  may  judge  institutions  and  customs  by  their  fruits,  this 
dominating  spirit  of  liberty,  of  individualism  and  of  free  competi- 
tion, has  been  most  fully  justified  in  its  results.  I  may  here  re- 
fer to  a  subject  which  I  have  elsewhere  treated  at  some  length,  to 
wit :  that  in  this  principle  of  competition  we  have  the  most  effec- 
tive mode  of  cooperation  among  men,  and  that  its  ultimate  be- 
neficent result  will  bo  to  remove  all  poverty  which  is  not  due  to 
mental  or  physical  incapacity.  Time  does  not  suffice  to  develop 
this  branch  of  the  subject  in  this  address. 

Imperfect,  inadequate  and  insufficient  as  our  system  of  common 
education  may  be,  and  subject  as  we  have  been  to  the  incoming  in 
enormous  numbers  of  the  illiterate  or  uniustructed  of  other  lands, 
yet  the  people  of  these  states  possess  on  the  whole  that  kind  of 
education  in  greatest  measure,  whether  attained  in  the  schools  or 
outside  of  them,  which  enables  them  to  grasp  the  opportunities 
placed  at  their  disposal  by  the  advancement  of  science  and  by  the 
progress  of  invention,  and  to  apply  them  in  the  most  productive 
way. 

We  may  be  very  much  dissatisfied  with  existing  conditions. 
Life  is  altogether  too  narrow  to  the  great  mass  of  our  people. 
Discontent,  as  well  as  necessity,  is  the  mother  of  invention  and  the 
incentive  to  progress,  but  we  may  yet  claim  that  nowhere  else  can 
such  conditions  of  material  prosperity  be  found  as  are  even  now 
to  be  found  in  this  country,  however  dissatisfied  and  wholesomely 
discontented  we  may  be. 

Nowhere  else  are  the  products  of  labor  and  of  capital  so  ade- 
quate and  so  ample. 

Nowhere  else  are  wages  and  profits  so  high. 

Nowhere  else  is  the  cost  of  all  production  when  measured  in 
terms  of  labor  so  low. 

Nowhere  else  are  high  wages,  either  in  money  or  what  money 
will  buy,  so  sure  to  be  the  consequent  result  and  reward  of  a  low 
cost  of  labor. 

Nowhere  else,  high  as  our  taxes  are,  is  so  much  general  benefit 
gained  from  the  expenditure  of  the  taxes. 
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Nowhere  else  is  so  small  a  proportion  of  the  public  income 
wasted  for  destructive  purposes,  in  the  support  of  standing  armies 
and  navies,  and  in  the  passive  war  which  is  now  reducing  Europe 
to  pauperism  in  almost  every  part  of  that  continent. 

As  I  have  said,  even  our  civil  war  itself,  and  the  heavy  taxes 
which  have  been  imposed  since  it  ended,  have  but  little  retarded 
our  material  progress. 

There  was  not  a  single  year  during  the  war  itself,  in  which  the 
production  of  the  northern  states  did  not  increase  in  quantity  and 
in  value,  in  a  measure  greater  than  the  expenditure  for  the  war  in 
that  year,  and  could  any  equitable  sj'stem  of  taxation  have  been 
invented  and  applied  quickly  enough,  the  whole  cost  of  the  war 
might  have  been  defrayed  during  its  very  progress ;  and  3*et  the 
free  states  and  territories  would  have  come  out  with  a  larger  cap- 
ital, and  a  greater  power  and  measure  of  production  at  the  end 
than  at  the  beginning,  while  the  south  would  have  been  redeemed 
from  povert}'  by  the  destruction  of  its  fictitious  wealth. 

Not  only  may  these  propositions  be  maintained  but  it  has  lately 
fallen  to  me  to  prove  (see  Distribution  of  Products,  G.  P.  Put- 
nam &  Sons)  what  Mr.  Robert  Giffin  has  also  lately  proved  to 
have  been  the  course  of  events  in  Europe :  namely,  that  during 
the  last  fifty  years,  in  the  latter  part  of  which  the  greatest  relative 
progress  has  been  made  in  the  application  of  science  to  the  useful 
arts,  those  whom  we  miscall  the  poor  because  they  may  as  yet  have 
accumulated  no  substantial  amount  of  property,  have  yet  annually 
obtained  an  increasing  share  of  an  increasing  product,  while  the 
proportion  of  the  annual  product  secured  by  the  rich  as  a  separate 
class,  has  steadily  become  a  decreasing  proportion.  Yet  such  has 
been  the  rapid  increase  of  product  year  by  year  that  while  the  poor 
have  thus  become  more  prosperous  the  rich  have  become  no  poorer 
and  are  more  numerous.  There  have  been  temporaiy  fluctuations 
but  in  each  decade  such  has  been  the  conclusion  ;  even  the  present 
period  of  alleged  depression  is  one  in  which  the  greatest  relative 
progress  is  being  made  and  when  the  adjustment  is  completed  to 
the  new  conditions  arising  from  the  more  recent  applications  of 
science  which  I  shall  presently  consider,  I  venture  to  predict  that 
it  will  become  evident  to  the  most  superficial  observer  that  such  is 
the  fact. 

These  are  perhaps  startling  propositions  and  they  may  be  ques- 
tioned. 
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Let  ns  glance  at  the  list  of  almost  new  forces  which  were  per- 
fected, extended  or  applied  daring  the  war,  or  which  have  been 
pat  to  use  since  the  war  ended,  both  in  this  country  and  else- 
where. 

Afterward  we  will  consider  the  newl}"  available  areas  of  pro- 
ductive land  which  have  been  put  to  use  in  this  and  other  coun- 
tries during  the  same  period,  from  which  we  now  derive  a  part  of 
our  own  abundance  in  exchange  for  the  excess  of  our  domestic 
products. 

Bat  before  we  consider  these  new  forces,  a  few  words  need  to 
be  given  to  certain  changes  which  occurred  in  the  decade  imme- 
diately preceding  the  war. 

In  ten  years  prior  to  1860-61  California  and  Australia  had  sud- 
denly rendered  up  their  great  stores  of  the  precious  metals,  as  if 
in  anticipation  of  the  needs  of  the  great  commerce  which  other 
discoveries  and  new  inventions  were  so  soon  to  bring  into  ex- 
istence. 

It  is  often,  but  I  think  mistakenly,  supposed  that  there  is  a  pro- 
ductive force  or  influence  in  gold  and  silver  themselves,  and  that 
a  great  addition  to  the  money  metals  of  the  world  constitutes  a 
great  addition  to  the  productive  powers  of  the  world.  I  question 
this  view ;  these  metals  are  but  instruments  of  distribution. 

Had  not  the  vast  additions  of  the  precious  metals  been  accom- 
panied or  immediately  followed  by  the  application  of  these  other 
forces,  which  I  shall  presently  name,  and  which  made  greater  pro- 
duction and  wider  exchange  of  products  possible,  the  only  effect 
of  the  addition  of  such  a  vast  fund  to  the  money  metal  of  the 
world  would  have  been  a  great  advance  in  the  prices  of  commodi- 
ties ;  and  during  such  a  period  the  rich  would  have  become  richer, 
while  the  poor  would  have  become  poorer ;  for  the  reason  that  any 
inflation  of  the  currency,  whether  on  a  paper  basis,  or  on  a  specie 
basis  which  is  effected  suddenly,  raises  prices  much  faster  than 
wages  follow.  Witness  the  effect  of  the  great  mass  of  gold  which 
was  suddenly  placed  at  the  disposal  of  Germany  by  the  payment 
of  the  French  indemnity.  It  may  be  questioned  whether  the 
disasters  which  ensued  from  this  sudden  accretion  of  wealth  in 
Germany  were  not  greater  than  the  burden  imposed  upon  France. 
It  precipitated  the  one  country  into  disastrous  speculation,  while 
the  other  went  quietly  to  work  to  replace  the  devastation  of  war. 

It   is  only  the  stimulus   that  rising  prices  have   in   making 
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emplo3'ment  continuous,  which  renders  then^  any  benefit  to  those 
who  work  for  wages. 

The  exchange  of  this  vast  increase  of  our  products,  which  im- 
mediately followed  the  addition  of  our  stock  of  money  metal  after 
1850-60,  might  have  been  hampered  and  crippled  for  want  of  in- 
struments of  exchange,  except  for  the  discovery  of  gold ;  but  to 
impute  abundance  of  other  products  to  this  discovery,  as  a  cause 
of  the  increase,  might  be  like  imputing  the  abundance  of  petro- 
leum with  which  the  world  is  now  lighted,  to  the  scarcity  of 
whales.     Many  other  analogies  could  be  found. 

In  connection  with  the  production  of  the  precious  metals  the 
wonderful  inventions  in  hydraulic  mining  may  be  named,  which 
belong  to  the  period  now  under  consideration,  in  the  application 
of  which  it  has  become  profitable  to  wash  a  ton  of  gravel  for  ten 
ftnts'  worth  of  gold. 

Prior  to  1865  the  railway  mileage  of  this  country  was  less  than 
34,000,  consisting  in  great  measure  of  detached  lines,  many  of 
them  serving  for  merely  local  purposes.  Even  the  consolidation 
of  a  through  line  from  New  York  to  Chicago  did  not  take  place 
until  1869.  Now  our  railway  mileage  is  over  one  hundred  and 
twenty-five  thousand  miles,  consolidated  in  great  systems  and 
worked  with  an  eflSciency  and  economy  unknown  in  any  other  coun- 
try. One-half  of  the  traflSc  over  these  railways  consists  of  food 
for  man  or  beast.  The  grain  crop  of  1865  measured  1,127,499,187 
bushels;  of  1884,  2,981,920,332.  That  of  1885  will  probably 
exceed  3,000,000,000,  over  50  bushels  per  capita. 

What  would  have  become  of  this  food  had  it  been  raised  while 
the  limit  of  transportation  by  wagon  was  limited  within  an  area 
of  one  hundred  and  fifty  miles?  Would  it  not  have  rotted  upon 
the  field  had  it  been  produced? 

It  was  the  Bessemer  method  of  making  steel  which  rendered 
this  transportation  of  food  possible  over  the  longest  distance  at 
the  lowest  cost. 

The  man  who  now  gives  up  one  holiday  in  each  yeai*,  and  de- 
votes it  to  earning  wages,  removes  the  obstruction  of  a  thousand 
miles  of  distance  in  obtaining  his  year's  supply  of  food.  One 
holiday  in  the  year  devoted  to  work  puts  the  mechanic  of  Massa- 
chusetts next  door  to  the  prairie  of  the  west. 

New  inventions  in  the  manufacture  of  steel  even  now  in  pro- 
gress of  application  in  this  and  other  countries,  may,  presently, 
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do  away  with  tbe  necessity  of  moving  the  ores  of  iron  over  long 
distances  b}'  rendering  the  presence  of  what  have  been  impuri- 
ties in  the  ore  of  little  consequence ;  thereby  bringing  into  imme- 
diate  use  vast  deposits  of  iron  ore  in  the  very  heart  of  our  owns 
country  which  have  until  now  been  of  little  use  and  almost  of  no 
value.  And  when  we  adopt  these  processes  we  may  then  convert 
iron  ore  into  food  for  man  and  beast,  as  they  now  do  in  German}',, 
where  the  waste  of  the  ^^  basic"  process  of  making  steel  is  now 
treated  for  the  recovery  of  phosphate  of  lime  which  is  left  in  the 
slag,  to  be  converted  into  a  fertilizer. 

Is  it  not  a  startling  thought  that  modern  science  has  converted* 
iron  stone  into  food  ? 

In  the  period  under  consideration  the  screw  propeller  has  fi» 
nally  displaced  the  paddle-wheel  in  all  ocean  traffic.  At  the  same 
time  the  compound  steam  engine  has  been  perfected  ;  the  end>  of 
both  being  that  the  fuel  required  has  been  vastly  reduced,  and 
where  it  required  over  200  tons  per  day  of  coal  to  cross- 
the  Atlantic  twenty  years  since,  a  much  more  capacious  stearoeiv 
is  now  driven  across  by  the  use  of  35  tons.  But  this  statement 
is  far  from  showing  the  full  change ;  the  important  matter  is  the 
ratio  of  the  fuel  to  the  weight  moved  ;  every  pound  of  coal  now 
carries  thirty-two  times  as  much  cargo  across  the  Atlantic  as  could 
be  carried  thereby  in  the  earlier  days  of  ocean  navigation.  The 
steamer  "Persia,"  in  1850,  consumed  14,500  lbs.  of  coal  to  each  ton 
of  cargo,  while  even  the  racer  * 'Arizona,"  in  1882,  consumed  only 
450  lbs.  per  ton  of  cargo.  In  the  freight  steamers,  assuming  pa- 
per to  have  the  same  calorific  value  as  coal,  the  combustion  of  an 
ordinary  letter,  such  as  is  carried  by  mail  for  a  two-cent  stamp, 
would  move  a  ton  of  cargo  and  its  share  of  the  vessel  two  miles. 
A  lump  of  coal  which  can  be  mailed  anywhere  in  the  Postal 
Union  for  one  cent  would  do  the  same  work.  Thus  has  room  been 
made  for  cargoes  of  provisions  or  other  merchandise,  now  car- 
ried at  low  cost  more  than  half  wa}'  round  the  world,,  to- feed  and 
clothe  the  people  of  the  most  distant  lands. 

The  Suez  Canal  has  restored  commerce  to  its  old  lines,  but  by 
more  speedy  and  cheaper  methods.  The  general  adoption  of  the 
telegraph  renders  distribution  quick  and  equal,  and  these  two  forces 
have  done  away  with  the  necessity  of  accumulating  and  storing 
great  stocks  of  merchandise  at  heavy  cost,  and  in  other  ways  have 
vastly  reduced  the  cost  of  distribution. 
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Agricultural  machinery  has  been  perfected  in  this  same  period 
to  the  end  that  the  equivalent  of  one  man's  labor  for  one  year,  in 
the  direction  of  this  raachiner}',  is  wheat  enough  to  give  a  thou* 
sand  people  all  the  bread  they  customarilj^  use  during  the  same 
twelve  months,  while  corresponding  inventions,  too  numerous  even 
to  mention  separately,  have  reduced  the  labor  cost  of  producing 
corn,  oats,  and  of  making  hay  in  almost  equal  measure.  One 
man's  work  for  one  day  will  pa}-  for  moving  a  year's  supply  of 
grain  and  meat  a  thousand  miles  and  one  man's  work  for  one  year 
on  the  far-away  plains  of  Dakota  will  yield  wheat  for  a  thousand 
people  for  the  same  time. 

Not  only  have  our  own  prairies  and  those  of  Canada  been 
brought  to  the  use  of  man  by  these  inventions  and  the  ap- 
plication of  these  new  forces,  but  the  vast  plains  of  Australia, 
New  Zealand  and  the  middle  sections  of  South  America,  upon 
•  the  Paraguay  and  Parana  rivers,  now  send  their  grain  or  their  dry 
or  frozen  meat  to  the  hungry  men  of  Europe,  and  yield  up  the 
abundance  of  their  wool  to  all  who  are  wise  enough  not  to  ob- 
struct its  use.-  Except  for  the  railway  and  steamship  their  pro- 
ducts would  have  been  almost  without  value. 

Within  this  period  the  whole  process  of  canning  meat,  fish, 
ifruit  and  vegetables  has  been  developed,  the  refrigerator  car  and 
•steamship  compartment  have  been  constructed,  cold  storage 
•houses  and  ripening  houses  have  been  invented : — in  the  latter  the 
banana,  one  of  the  cheapest  and  most  abundant  of  the  tropical 
products,  which  was  first  introduced  into  the  temperate  zone  as  a 
luxury,  may  be  ripened  in  such  abundance  and  at  so  low  a  cost 
that  it  may  yet  become  an  important  article  of  food,  being  very 
rich  in  nitrogen. 

The  oil  w^lls  of  this  country  and  Russia  have  given  light  to 
those  who  could -^never  before  extend  their  day's  work  beyond  what 
the  sunshine  permitted.  The  invention  of  the  pipe  lines  for  dis- 
tribution has  enabled  that  product  to  be  distributed.  In  this 
connection  may  be  mentioned  the  extraction  of  colors  ;  or,  as  my 
friend  Dr.  T.  •^Sterry  Hunt  stated  it,  when  I  asked  him  to  add  to 
my  list  any  other  suggestion  of  important  inventions,  "the  creation 
of  new  coloring  matenals  from  hydro-carbons,  chiefly  from  the 
refuse  of  coal  distillation,  which  have  already  made  a  revolution 
in  dyeing  and  printing.  Yet  more  important,  perhaps,  as  sugges- 
tive of  what  may  follow,  we  may  name  the  artificial  production  of 
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alizarine  (the  red  of  madder)  and  of  indigo  both  of  which  sub- 
stances are  now  Manufactured  on  a  large  scale,  while  the  madder 
culture  has  been  almost  abandoned  on  account  of  the  greater  cheap- 
ness and  the  advantage  in  the  use  of  the  artificial  substitute.  This 
abandonment  of  madder  culture  is  not  a  loss,  but  a  gain :  because  it 
frees  large  areas  of  land  in  some  parts  of  Europe  which  are  needed 
for  the  cultivation  of  grain." 

Not  least  among  the  advantages  which  have  ensued  from  the 
distillation  of  petroleum,  has  been  the  substitution  of  the  lubri- 
cants made  therefrom  in  place  of  animal  or  vegetable  oils ;  the 
latter,  being  subject  to  rapid  oxidation  commonly  called  sponta- 
neous combustion,  were  constant  sources  of  danger  in  the  factories 
where  they  were  once  used,  while  the  mineral  lubricants  now  in 
use,  are  absolutely  free  from  this  danger. 

When  we  bear  in  mind  this  fact,  that  important  products  like 
indigo  and  alizarine  have  been  derived  from  these  mineral  sources, 
is  it  visionary  to  suggest  that  a  time  may  come  when  the  hydrO' 
carbons  may  be  converted  into  the  carbo-hydrates  of  which  we  hear 
so  much  in  the  chemistry  of  food?  After  we  have  converted 
iron-stone  into  food  by  way  of  the  laboratory  of  the  soil,  and  since 
we  have  generated  colors  and  perfumes  from  coal  tar,  may  we 
ever  expect  to  convert  the  hydro-carbon  of  petroleum  into  the  car- 
bo-hydrate of  the  physiologist  in  the  laboratory  of  the  chemist? 
Another  revolution  has  occurred  in  the  production  of  soda  by  the 
ammonia  process,  replacing  the  old  method  and  dispensing  with 
the  use  of  sulphur.  We  all  know  that  the  march  of  civilization 
may  be  measured  by  the  demand  for  soda  ash  and  other  alkalies. 

In  connection  with  this  may  be  named  the  processes  by  which 
all  the  volatile  products  of  the  coke  ovens  are  now  saved,  and  a 
vast  product  of  oils  and  of  ammonia  is  thus  obtained. 

In  medicine  the  artificial  product  of  the  alkaloids  such  as  mor- 
phine and  quinine  may  be  mentioned  as  among  the  possibilities  of 
the  near  future.  To  these  may  be  added  the  great  discoveries 
which  have  been  made  during  the  last  few  3'ears  in  the  use  of  an- 
tiseptics, especially  in  connection  with  the  preservation  of  fruits, 
wine,  beer,  etc. 

Electricity  has  been  put  under  control  as  yet  mainly  for  light, 
but  who  can  tell  how  soon  the  electric  current  will  be  divided  or 
when  this  old  but  ever  new  force  may  be  placed  in  every  house- 
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hold,  to  be  applied  even  more  readily  than  the  force  generated  by 
the  combustion  of  coal. 

Among  the  lesser  of  the  new  mechanical  forces  which  have  been 
applied  during  this  period,  we  may  name  the  substitution  of  the 
roller  for  the  mill-stone  in  the  preparation  of  flour,  while  the 
wheat  elevator  for  the  storage  of  grains  has  been  perfected. 

The  driven  well,  which  may  hereafter  make  many  a  desert  blos- 
som like  the  rose. 

The  application  of  the  diamond  drill,  worked  by  steam  or  com- 
pressed air  to  the  boring  of  these  wells,  and  also  to  mining. 

The  use  of  nitro-glycerine,  or  other  high  explosives  in  mining. 

The  application  of  steam  or  hydraulic  power  to  the  derrick  or 
the  crane  for  handling  heavy  weights,  and  for  loading  and  unload* 
ing  vessels. 

The  introduction  of  the  elevator,  lift  or  vertical  railway  into 
hotels,  office  buildings  and  warehouses,  whereby  the  aggregate  rent 
of  land  has  been  reduced,  although  the  special  rent  of  particular 
places  may  have  been  increased. 

Not  least  among  the  developments  of  this  period  has  been  the 
great  perfection  to  which  machine  tools  have  been  brought,  ac- 
companied or  rendered  possible  by  the  adoption  of  standard 
measures  and  gauges,  to  the  end  that  the  interchangeable  system 
has  been  applied  to  almost  every  kind  of  mechanism  from  the 
locomotive  engine  and  the  sewing  machine  to  the  finest  watch. 
The  sewing  machine  has  become  the  common  implement  of  the 
housewife,  the  seamstress,  the  shoemaker  and  the  sailmaker. 

A  woman  may  pass  through  the  office  of  a  Lynn  boot  and  shoe 
factory  to  inspect  the  work  who,  being  measured  as  she  passes  the 
office,  will  find  a  pair  of  boots  perfectly  fitted  to  her  foot,  finished 
and  ready  for  her  use  as  she  goes  out,  after  having  looked  over  the 
five  floors  of  the  factory.  The  boots  will  have  passed  from  machine 
to  machine  much  faster  than  she  can  comprehend  the  process  of 
the  work  even  in  the  most  superficial  way. 

Every  one  of  you  will  add  something  to  this  list,  each  impor- 
tant in  its  place.  And  to  these  absolutely  new  applications  of  sci- 
ence may  be  added  improvements  in  the  construction  of  old  ma- 
chines previously  invented,  especially  in  the  textile  arts,  by  means 
of  which  the  product  has  been  increased  and  the  requisite  number 
of  laborers  has  been  reduced  in  greater  measure  than  in  any  pre- 
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vious  period  since  the  substitution  of  automatic  machinery  for  the 
spinning  wheel  and  the  hand  loom. 

In  the  cutting  and  preparation  of  timber  and  its  conversion 
into  boards,  I  have  been  told  that  a  few  simple  inventions  have 
rendered  the  work  of  one  man  as  effective  as  that  of  sixteen  men 
twenty  years  ago.  A  little  stream  of  cold  water  distributed  from 
the  hollow  axle  of  the  circular  saw,  to  keep  the  saw  cool,  has  ren- 
dered it  possible  to  substitute  six  foot  circular  saws  and  a  steam 
feed  for  four  foot  saws  or  less,  fed  slowly  bj'  hand.  The  planing 
machine  invented  a  little  earlier  has  come  into  practical  use  to- 
gether with  innumerable  other  inventions  in  wooii  working. 

The  application  of  iron  and  steel  to  purposes  of  construction 
has  made  vast  progress,  of  which  the  elevated  railway  in  New 
York  is  a  conspicuous  example.  The  common  use  of  structural 
steel  may  also  be  named  and  the  development  of  the  cantilever 
principle  in  bridge  construction. 

But  iron  is  less  useful,  less  safe  and  more  costl}*  than  timber 
and  brick,  even  at  the  present  prices,  for  tlTe  construction  of  mills, 
works  and  warehouses  ;  and  in  these  branches  of  construction  very 
great  progress  has  been  made  in  the  combination  of  brick  and 
timber.  By  the  adoption  of  suitable  methods  the  modern  Amer- 
ican factory  has  become  one  of  the  safest  fire  risks  in  the  world, 
costing  less  for  its  insurance  than  the  so-called  fire-proof  factory 
of  Great  Britain. 

This  safety  from  loss  by  fire  has  been  accomplished,  in  part, 
by  what  is  known  as  the  open  timber  construction,  free  from  cel- 
lular or  concealed  spaces,  the  timber  being  in  some  dangerous 
places  protected  by  plastering  laid  on  wire  lathing ;  and  hi  part 
by  the  adoption  of  the  system  of  automatic  sprinkling,  whereby 
the  fire  lets  on  its  own  water,  puts  itself  out  and  tells  where  it  is 
at  the  same  moment. 

-Another  great  step  in  the  progress  of  the  art  of  building  facto- 
ries and  works  consists  in  reducing  the  number  of  stories  as  nearly 
to  one  as  circumstances  will  permit.  The  use  of  a  three-inch  solid 
deck  made  of  timber,  for  a  roof,  making  the  one-story  factory  cool 
in  summer,  warm  in  winter,  while  such  a  one-story  factory  may  be 
better  lighted  and  ventilated,  and  is  more  suitable  for  general  use 
than  any  other  form. 

In  this  connection  reference  may  be  made  to  some  of  the  pos- 
sibilities of  the  future. 
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The  adoption  of  steam  power  and  the  nse  of  coal  gas  for  light- 
ing have  rendered  a  great  concentration  of  the  manufacturing  and 
mechanical  arts  an  absolute  necessity ;  this  concentration  of  the 
work  in  closely  built  towns  and  cities  has  of  necessity  been  fol- 
lowed by  a  concentration  of  population  under  adverse  conditions, 
both  with  respect  to  health,  economy  of  rent  and  other  matters. 

Whenever  the  electric  current  can  be  divided  economically,  so 
that  a  measured  amount  of  power  or  light  may  be  sent  over  wires 
in  different  directions  from  the  same  source,  water  power  may  be 
utilized  where  dams  can  be  built  with  the  greatest  economy,  but 
which  are  now  useless  for  want  of  proper  space  for  the  construc- 
tion of  factories  near  them. 

Large  steam  engines  working  at  1  -^^  lbs.  of  coal  per  horse 
power  per  hour,  or  less,  may  be  substituted  for  small  steam  engines 
requiring  from  four  to  eight  lbs.  Gas  for  heating  purposes  may 
soon  be  as  widely  distributed  as  il  now  is  for  illuminating. 

Under  such  conditions,  power  and  light  being  furnished  in  the 
same  manner,  the  directions  for  the  work  given  by  the  telephone 
from  the  city  office,  factories  which  now  occupy  dangerous  and  un- 
suitable positions  in  the  fourth,  fifth  and  sixth  stories  of  our  city 
warehouses,  may  be  scattered  over  a  wide  area  in  the  suburbs  of 
the  same  cities,  in  well  ventilated  and  cheaply  constructed  one 
and  two  story  factories,  surrounded  by  dwelling  places,  each  with 
its  small  plot  of  land,  where  the  working  people  can  live  under 
vastly  better  conditions  than  they  can  now  live  in  the  narrow  courts 
and  streets  of  the  cities. 

Less  conspicuous  but  even  more  important  than  almost  any  dis- 
covery or  invention  yet  named  in  their  ultimate  effect  upon  our 
food  supply  may  be  recited  the  opening  of  the  Stassfurt  potash 
mines  in  Germany,  and  the  discovery  and  working  of  the  phos- 
phate beds  of  the  United  States  and  quite  recently  those  of  Can- 
ada. 

In  the  latter,  deposits,  which  are  80  per  cent  phosphate  of  lime, 
have  been  found  in  almost  inexhaustible  quantit}',  and  under  such 
conditions  that  they  will  be  very  cheaply  furnished  to  all  our  west- 
ern and  northern  states  and  territories. 

Mention  may  also  be  made  of  the  mines  of  very  pure  salt  on  the 
Canada  side  of  Lake  Superior  which  may  presently  yield,  if  they 
do  not  already,  the  necessary  supply  of  salt  most  suitable  for  the 
preservation  of  meat ;  these  mines  are  also  close  to  the  prairies  of 
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the  West  and  subject  to  onr  use  whenever  we  are  wise  enough  to 
remove  the  obstructious  which  now  render  the  import  of  salt  more 
costly  than  it  need  to  be. 

These  discoveries  were  prophetic.  Wlio  knows  yet  what  may 
come  from  the  alkali  plains  of  the  far  west  or  from  the  volcanic 
region  which  lies  between  Oregon  and  California?  None  can 
doubt  that  there  are  mines  yet  to  be  opened  in  that  section  more 
precious  than  those  of  silver  or  gold,  of  which  one  example  may 
be  mentioned,  consisting  of  vast  deposits  of  sulphate  of  alumina 
lately  discovered. 

I  may  venture  to  add,  among  the  most  important  applications 
of  science  to  agriculture,  the  re-discovery  of  the  system  of  pre- 
serving green  crops  in  pits  known  as  ^^  ensilage." 

There  remains  but  one  great  discovery  to  be  made  to  round  out 
and  complete  this  list  which  I  have  presented  to  you,  and  to  per- 
fect the  series  of  the  present  generation. 

Whoever  can  attract  the  nitrogen  of  the  atmosphere,  and  combine 
it  with  the  potash  of  Germany  and  the  phosphates  of  South  Car- 
olina or  Canada,  wiil  add  the  last  element  necessary  to  secure 
permanent  abundance  in  agriculture  at  the  least  cost. 

It  is  possible,  I  will  even  say  probable,  tliat  the  solution  of  this 
question  may  lie  in  the  one  plant,  as  I  will  presently  attempt  to 
show  you,  which  might  well  be  adopted  on  the  coat  of  arms  of 
this  country,  namely,  Indian  corn.  Perhaps  this  symbol  may  be 
justified  in  the  peacefnl  war  which  we  have  just  waged  with  our 
foreign  enemies. 

Who  were  our  enemies  when  we  were  engaged  in  a  contest  for 
liberty  ?  Were  they  not  the  privileged  classes  of  Europe,  whose 
main-stay  has  been  the  rent  of  the  land  possessed,  but  not  worked 
by  themselves? 

We  have  attacked  them  with  shiploads  of  grain  and  meat.  We 
have  sustained  the  operatives  of  England  who  sacrificed  even  their 
daily  bread  in  our  cause,  while  we  have  rendered  the  collection  of 
rent  from  land  devoted  to  grain  hereafter  almost  impossible  in 
Great  Britain,  except  it  be  earned  by  the  owner  himself  wlio  may 
put  capital,  brains  and  personal  industry  to  the  use  of  his  own 
land. 

Said  I  not  rightly  that  greater  progress  has  been  made  in  the 
period  which  has  elapsed  since  the  beginning,  or  even  since  the 
end  of  our  civil  war,  in  the  advancement  of  science  and  its  appli- 
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cation  to  hntnan  welfare,  than  in  any  other  previous  generation  in 
the  history  of  the  world  ? 

Time  will  not  suffice  for  me  to  more  than  refer  to  the  substan- 
tial foundation  and  extension  of  technical  education  in  the  same 
period  both  in  this  and  other  countries ;  to  the  beginning  of  scien- 
tific methods  of  manual  instruction  ;  to  the  great  development  of 
statistical  science ;  and  to  many  other  intellectual  factora  which 
have  also  marked  the  era  of  which  we  are  treating. 

But  there  is  a  reverse  to  this  pleasant  picture,  and  much  more 
remains  to  be  accomplished. 

Vast  progress  has  been  made  in  individual  wealth  and  in  com- 
mon welfare.  The  time  necessary  to  be  devoted  to  the  struggle 
for  life  has  been  reduced  ;  leisure  has  been  earned  and  earned  in 
such  a  way  that  it  has  not  become  license,  but  will  become  the  op- 
portunity for  that  moral  and  intellectual  progress  which  must 
alwa3's  be  founded  on  material  progress  if  they  are  to  become 
general. 

Great  as  our  progress  has  been  and  huge  as  our  abundance  now 
appears  to  be,  yet  we  cannot  too  often  recall  the  fact  that  the  aver- 
age product  to  each  person  in  this  most  prosperous  country, 
measured  in  money  at  the  point  of  final  distribution  for  final 
consumption,  does  not  exceed  fifty  to  fifty-five  cents  worth  per 
capita,  and  our  whole  accumulated  wealth,  aside  from  laud,  does 
not  exceed  two  or  at  the  utmost  three  years'  production. 

Let  us  not  boast  too  much  nor  think  that  we  can  remit  our 
work  in  the  least  degree,  when  we  remember  that  after  we  have 
set  aside  only  so  much  as  is  required  to  maintain  or  increase  our 
capital,  so  that  it  shall  bear  a  due  proportion  to  its  necessary  use, 
and  after  we  have  provided  for  the  support  of  the  government  by 
taxation,  each  average  person  must  find  shelter  and  be  supplied 
with  food  and  clothing,  out  of  what  forty  to  forty-five  cents  per 
day  will  buy,  because  such  is  the  measure  in  money  of  all  that  is 
produced  and  we  cannot  have  more  than  all  there  is.  I  have 
treated  this  matter  at  length  in  another  place,  but  I  ask  you  to 
recall  this  when  you  are  considering  the  daily  rations  which  are 
served  at  a  cost,  varying  from  fifteen  to  thirty  cents  per  person 
and  the  table  of  economic  rations  which  accompany  this  address. 

When  our  resources  are  thus  reduced  to  40  or  45  cents  per  day, 
you  are  somewhat  startled,  but  each  person  who  is  engaged  in 
gainful  occupation  in  this  country  sustains  two  others:  at  40 
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cents  a  day  tlie  expenditure  of  three  persons  comes  to  $438.00 
per  year;  at  45  cents  to  $492.75,  which  are  not  so  startling  fig- 
ures, when  compared  to  what  we  know  to  be  the  average  earnings 
of  working  people. 

What  can  be  done  for  those  whose  income  is  less  than  forty 
cents  a  day  for  themselves  and  their  children  and  who  must  spend 
more  than  one-half  for  food  ?  They  are  counted  by  millions  even 
in  onr  fair  land. 

Whenever  any  great  invention  or  discovery  displaces  common 
laborers  whose  education  or  development  has  never  been  of  such 
a  kind  as  to  fit  them  for  any  other  work  than  that  to  which  they 
have  been  accustomed,  they  suffer  for  the  time. 

What  can  we  do  to  aid  those  who  have  been  almost  cruslied  in 
the  onward  march  of  industry  ?  When  partly  automatic  machinery 
is  substituted  for  manual  labor  in  any  given  art,  although  the  many 
consumers  gain  a  greater  supply  at  less  cost  and  a  few  trained 
workmen  obtain  higher  wages  in  guiding  the  machinery  while  doing 
the  work  at  less  cost  than  before  ;  yet,  those  whose  only  occupation 
had  been  in  this  handicraft  may  lose  even  the  pittance  which  they 
had  gained  before  and  they  are  apt  to  be  the  persons  least  capable 
of  adjusting  themselves  to  new  conditions.  Witness  the  suffering 
of  the  hand  loom-weavers  of  England  when  the  power  loom  was 
first  used.  Bad  as  their  condition  had  been  it  became  for  a  time 
yet  more  wretched. 

It  is  manifestly  impossible  to  make  any  special  provision  in  ad- 
vance to  meet  the  adverse  contingencies  of  new  invention. 

The  only  adequate  remedy  for  the  hardships  which  must  ensue, 
when  those  who  have  been  engaged  in  the  common  kinds  of  handi- 
craft have  even  that  resource  taken  from  them,  is  to  develop  the 
general  system  of  education  in  such  a  way  that  there  shall  be  the 
least  possible  number  of  children  brought  up  under  conditions 
which  would  limit  them  to  a  single  art,  and  that  a  very  low 
grade  of  hand  work. 

The  disadvantage  which  ensues  from  the  very  great  subdivision 
of  labor  which  has  been  introduced  with  modern  scientific  inven- 
tions, is,  that  in  the  conduct  of  this  work  versatility  or  ^^gumption" 
as  it  is  commonly  called,  is  not  developed  such  as  was  the  very 
marked  characteristic  of  the  Yankee  of  former  times. 

The  country  boy,  who  attended  the  common  school  three  or  six 
months  in  the  year,  and  during  the  rest  of  the  time  was  of  neces- 
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8ity  a  '^Jack-at-all-trades,"  was  thereby  enabled  to  become  master 
of  any  trade  to  which  he  might  afterward  choose  to  devote  his 
time.     Such  is  not  the  case  in  the  present  day. 

A  good  beginning  has,  however,  been  made  in  the  attention  now 
given  to  manual  instruction  as  well  as  mental,  but  the  benefit  of 
what  we  are  now  doing  in  this  direction  will  only  be  realized  in 
the  future.     Our  problem  is  with  the  present. 

Witness  how  suddenly  changes  may  come  which  involve  great 
hardships  to  those  least  capable  of  meeting  them. 

In  the  census  of  1880,  the  fact  was  disclosed  that  out  of  every 
thousand  persons  who  were  occupied  in  all  kinds  of  gainful  occu- 
pation, mental,  mechanical  and  manual,  three  hundred  and  twelve 
could  only  answer  the  enumerator's  question  with  the  reph'  that 
the}'  were  common  laborers.  Among  these  common  laborers  there 
were  over  eighteen  hundred  and  fifty  thousand,  or  more  than  ten 
per  cent  of  all  who  were  occupied  in  all  the  arts  of  life,  who  were 
engaged  in  common  labor  other  than  that  upon  farms.  Where 
were  they  ? 

They  had  doubtless  increased  in  number  between  1880  and  1882 
by  immigration  in  very  considerable  measure  and  in  1882  com- 
mon laborers  numbered  at  least  two  millions  ;  in  that  year  not  less 
than  six  hundred  and  fifty  thousand  persons,  of  whom  at  least  six 
hundred  tliousaud  were  common  laborers,  were  engaged  in  the 
single  work  of  constructing  new  lines  of  railway  within  the  limits 
of  the  United  States.  This  railway  fever  culminated  in  1882  with 
the  construction  of  lines  numbering  over  11,500  miles.  In  1884 
the  construction  was  less  than  4,000  miles. 

Between  these  two  dates  more  than  four  hundred  thousand  com- 
mon laborers,  or  more  than  twenty  per  cent  of  the  whole  number  of 
common  laborers  who  were  not  occupied  upon  farms,  were  dis- 
charged and  were  compelled  to  find  other  work  or  to  be  idle. 
Where  could  they  go  ?  For  what  other  work  were  they  fitted  ? 
A  part  of  the  more  intelligent  and  thrifty  doubtless  took  up  land 
upon  the  lines  of  the  railway  where  they  had  been  employed,  but 
the  greater  part  drifted  back  to  the  cities,  where  they  gave  the  ap- 
pearance of  being  much  more  numerous  than  they  really  were,  be- 
cause they  were  concentrated  in  particular  places. 

When  this  work  ceased,  the  demand  for  iron  also  fell  off  a  million 
tons,  and  consequently  all  iron  works  were  affected,  then  the  roll- 
ing mills.      Then  the  demand  which  had  existed  for  the  supply  of 
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the  idle  common  laborers,  of  the  idle  iron  workers,  and  of  me- 
chanics who  had  been  engaged  in  this  art  of  constructing  new 
railroads,  in  part  ceased,  and  the  goods  and  wares  which  they  had 
consumed  began  to  accumulate ;  presently  the  effect  of  this  was 
felt  throughout  the  whole  body  politic. 

One  of  the  penalties  which  we  pay  for  the  complexity  of  the  work 
of  modern  art  and  manufacture,  is,  that  when  the  most  insignifi- 
cant gear  is  thrown  out  of  place,  the  whole  machine  is  crippled. 
We  are  all  interdependent  and  the  calamity  which  falls  on  those 
who  are  apparently  the  least  important  .classes  in  society  has  an 
adverse  effect  upon  the  progress  of  the  whole,  like  that  which  a 
slight  injury  to  the  foot,  or  a  pebble  in  the  shoe  of  a  strong  man, 
may  have  on  his  power  of  locomotion. 

As  I  have  said,  the  true  remedy  can  only  consist  in  the  develop- 
ment of  versatility,  of  manual  dexterity,  and  of  capacity  on  the 
part  of  the  poorest  child  in  the  community,  to  take  advantage  of 
the  many  opportunities  which  may  be  found  waiting  at  all  times 
for  those  who  are  capable  of  grasping  them.  We  may,  however, 
alleviate  the  present  difficulty  in  some  measure,  by  reducing  the 
necessary  cost  of  subsistence.  Before  we  enter  upon  this  part  of 
my  subject,  permit  me  to  observe  that  in  this  address,  I  have  kept 
the  fact  in  view  that  the  political  economist  may  only  treat  the 
physical  sciences  in  their  direct  connection  with  material  progress. 
In  the  list  of  the  scientific  inventions  and  applications  which  I 
have  presented  to  3'ou,  I  have  made  no  refei'ence  to  abstract  science 
or  to  the  higher  branches  of  research. 

May  I  venture  to  give  a  summary  of  the  conclusions  which  we 
may  draw  from  the  facts  which  I  have  presented  so  far  as  this 
country  is  concerned. 

With  respect  to  the  primary  processes  of  production,  the  appli- 
cations of  science,  crude  as  they  yet  are  in  respect  to  agriculture, 
have  assured  an  excessive  abundance  in  ratio  to  any  possible  in- 
crease of  population  during  this  present  century.  There  is  enough 
for  all  and  to  spare. 

With  respect  to  the  primary  processes  of  distribution  by  land 
and  by  water,  the  cost  has  been  reduced  to  such  a  point  that  there 
is  little  margin  left  to  work  upon  for  further  saving. 

In  the  conversion  of  crude  materials  into  finished  forms  ready 
for  consumption  the  field  for  invention  and  improvements  is  still 
a  broad  one. 
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In  wholesale  traffic,  there  is  no  longer  any  great  margin  to  be 
saved  and  even  in  the  retail  distribution  of  staple  articles  the 
smallest  profits  sufiSce. 

In  the  distribution  of  perishable  commodities,  there  is  an  enor- 
mous waste,  and  in  the  science  of  consumption  almost  no  progress 
has  been  made.  It  is  only  within  a  very  recent  period  that  even 
the  statistics  have  been  gathered,  while  I  believe  the  beginning  of 
a  true  study  of  the  chemistry  of  food  and  a  true  science  of  nutri- 
tion may  be  dated  within  the  period  under  consideration. 

I  have  presented  to  you  the  two  aspects  of  the  question : —  on 
the  one  side,  the  prophecy  of  the  future,  i-eplete  with  the  comfort 
of  an  assured  abundance ;  while  the  statistics  of  the  past  prove 
conclusively  that  those  who  perform  the  arduous  work  of  creating 
this  abundance  are  steadily  but  surely  securing  to  themselves  an 
increasing  share  of  the  increasing  product,  and  this  product  will 
yet  continue  to  increase  as  capital  and  labor  are  combined  in  more 
harmonious  relations. 

On  the  other  side,  the  data  have  been  given  which  show  within 
what  narrow  limits  the  great  masses  of  this  most  prosperous  people 
must  now  exist ;  even  thougli  thej-  secure  to  themselves  for  their 
own  consumption  more  than  ninety  per  cent  of  all  that  is  annually 
produced. 

The  danger  of  our  time  is  the  constant  resort  to  legislative  rem* 
edies  for  evils  which  can  only  be  removed  by  the  development  of 
the  individual. 

I  have  brought  this  great  problem  of  subsistence  to  the  unit  of 
the  individual,  because  we  can  comprehend  it  better  when  it  is 
stated  in  terms  of  what  40  or  50  cents  per  day  will  buy  for  each 
person. 

We  can,  perhaps,  comprehend  how  hopeless  the  problem  of 
ameliorating  the  condition  of  life  would  be,  were  it  not  for  the  ad- 
vancement of  science,  when  the  fact  is  stated  that  in  order  to  give 
each  person  of  our  present  population  five  cents'  worth  more  per 
day,  we  roust  produce  and  distribute  one  thousand  million  dollars' 
worth  more  than  our  present  annual  product.  We  may  confirm 
this  impression  both  of  the  minimum  and  maximum  elements  of 
the  problem  by  the  consideration  that  if  we  reduce  our  present 
population  of  over  67,000,000  to  the  equivalent  of  50,000,000 
adults,  by  counting  two  children  under  ten  as  one  adult,  and  then 
assign  to  each  of  the  50,000,000,  one  egg  every  two  days  at  the 
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price  of  one  cent  each,  then  the  annual  value  of  the  product  of 
hens'  eggs  would  be  equal  to  the  annual  product  of  gold  and  silver 
of  all  our  mines. 

In  the  presence  of  the  facts  which  I  have  submitted  to  you,  may 
we  not  also  find  evidence  that  the  hypothetical  deductions  of  the 
£ngli8h  political  economists,  who  narrowed  the  field  which  Adam 
Smith  had  opened  but  had  not  exhausted,  must  give  place  to  more 
humane  inductions  based  upon  solid  historical  and  statistical 
foundations. 

Were  there  no  promise  of  material  welfare  being  attained  upon 
this  earth  by  any  possible  population  which  can  find  standing 
room  upon  it,  all  expectation  of  moral  and  spiritual  progress 
would  of  necessity  be  surrendered,  and  the  only  motto  of  the  social 
scientist  might  well  be,  ^'  Let  us  eat  and  drink  for  to-morrow  we 
die." 

I  fear  that  I  have  occupied  too  much  time  in  this  introductory 
review ;  we  will  now  take  up  the  more  practical  part  of  our  work. 

In  the  various  tables  which  will  accompany  this  address,,  and 
in  the  material  which  has  been  so  kindly  furnished  me  by  Prof. W.  O. 
Atwater  of  Middletown,  Conn.,  it  is  made  apparent  that  there  is  a 
wide  choice  in  the  ration  of  food  necessary  to  sustain  an  adult  man 
or  woman  in  full  vigor  and  health. 

Again  recalling  the  fact  that  with  respect  to  this  lowest  plane  of 
common  laborers,  the  mere  price  of  food  constitutes  sixty  per  cent 
of  the  cost  of  living,  even  for  those  who  are  fully  and  continuously 
occupied,  it  will  be  very  obvious  that  if  we  can  show  them  how  to 
maintain  themselves  in  full  vigor  at  a  cost  of  thirty  or  forty  per 
cent  of  their  ordinary  income,  we  shall  have  done  good  service. 

In  Professor  Atwater's  table  representing  the  cost  of  protein, 
it  appears  that  we  if  we  buy  protein  in  a  sirloin  of  beef  at  twenty- 
five  cents  per  pound  we  pay  one  dollar  a  pound  for  it ;  whereas  if 
we  seek  for  protein  in  oat  meal  or  in  corn  meal,  we  pay  twelve  to 
fourteen  cents  per  pound  for  it. 

It  is  also  proved  by  these  chemical  investigations  in  respect  to 

the  elements  of  food,  that  the  Scotch  have  b}'  a  process  of  natural 

selection,  adopted  in  their  oat  meal  that  kind  of  food  which  gives 

them  the  right  proportions  of  nutrient  material  at  the  very  lowest 

'.  cost. 

The  people  of  New  England  have  also  come  to  a  similar  conclu- 
sion by  a  similar  process :  in  their  baked  beans  and  pork,  and  in 
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their  fried  fish-balls  composed  of  dried  cod-fish  and  potato,  even 
in  their  brown  bread,  are  also  to  be  found  substantially  the  right 
proportions  of  nutrient  at  a  very  low  cost.  To  a  Yankee  it 
would  not  be  a  very  great  hardship  under  the  pressure  of 
adverse  conditions,  to  be  obliged  to  substitute  baked  beans,  fish- 
balls  and  brown  bread  in  a  more  considerable  measure  for  roast  beef, 
than  they  are  accustomed  to  do  when  in  a  condition  of  pros- 
perity. 

The  weekly  ration  of  the  southern  negro,  which  he  chooses  in 
preference  to  any  other,  to  wit :  a  peck  of  meal  and  three  and 
one-half  pounds  of  bacon,  is  also  one  which  contains  the  elements 
of  vital  force  at  an  exceedingly  low  cost.  There  are  probably  no 
working  people  in  the  world  so  cheaply  subsisted  as  the  southern 
negroes,  if  consideration  be  given  to  the  force  contained  in  the 
food.  The  rice  of  the  east  may  cost  less  in  money,  but  it  is  defic* 
lent  in  some  of  the  nutrients  which  are  necessary  to  full  vigor. 

There  are,  therefore,  many  ways  in  which  temporary  poverty 
can  be  alleviated,  but  it  is  not  altogether  desirable  either  to  advise 
or  to  attempt  to  promote  such  changes  in  the  diet  as  might,  under 
the  pressure  of  necessity,  make  a  considerable  saving. 

The  people  of  this  country  can  afford  a  more  abundant  diet 
than  that  enjoyed  by  any  other  countr}',  and  they  will  continue  to 
enjoy  it  because  even  periods  of  adversity  affect  a  relatively  small 
number  of  persons  however  unintelligent  they  may  be. 

The  same  conditions  affect  this  question  as  that  of  taxation. 
I  suppose  no  economist  of  repute  has  failed  to  reach  the  conclu- 
sion, that  a  system  of  direct  taxation  will  lead  to  the  greatest 
economy  in  the  public  expenditure ;  or  that  when  the  taxes  are 
collected  indirectly  in  such  a  way  as  not  to  come  to  the  immediate 
knowledge  of  the  consumers  who  pay  them,  twenty-five  per  cent 
at  least  will  be  wasted ;  and  yet  I  am  of  opinion  that  the  people 
of  this  country  would  prefer  to  pay  about  twenty-five  per  cent  in 
excess  of  the  absolute  need  rather  than  to  have  a  direct  tax  im- 
posed upon  them. 

And  so  I  think  that  the  great  majority  will  prefer  to  continue 
their  present  practice  in  respect  to  the  use  of  food  as  long  as  it  is 
a  somewhat  difficult  matter  to  learn  how  to  combine  true  econ- 
omy with  a  generous  diet. 

Our  main  attention  may,  therefore,  be  given  to  cheapening  the 
cost  of  meat,  rather  than  reducing  the  consumption  thereof,  and 
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with  a  few  pages  upon  this  subject  of  a  rather  visionary  sort,  I  shall 
close  this  address. 

Having  presented  the  importance  of  animal  products  in  their 
relation  to  the  daily  rations  of  the  people;  having  also  presented 
data  giving  proof  that  a  part  of  the  ration  of  animal  products 
might  well  be  spared  if  it  continues  to  be  as  costly  as  it  now  is, 
the  next  question  which  arises  is :  May  not  the  cost  of  animal 
products  be  greatly  reduced  by  the  adoption  of  more  scientific 
methods  of  production  ?  Upon  this  subject  I  may  present  to  j'ou 
certain  h3'potheses  in  which,  I  think  I  may  be  sustained  by  Pro- 
fessor Atwater. 

Let  me  begin  by  reminding  you  that  iron  ore  is  now  being  con- 
verted in  part  into  animal  food  in  Germany,  and  that  we  may 
perhaps  look  mainly  to  our  mines  and  to  our  atmosphere  for  our 
vegetable  and  animal  food  rather  than  to  any  other  source,  if  other 
sources  fail.  We  may  treat  the  soil  as  a  laboratory  when  the  soil 
itself  fails  or  begins  to  fail  as  a  mine.  We  may  restore  it  with 
mineral  elements  from  mines  in  which  they  are  found  in  a  concen- 
trated form. 

AVe  have  throughout  the  eastern  and  most  densely  populated 
section  of  the  United  States  a  vast  area  of  land  which  is  not  now 
considered  worth  cultivation.  Much  of  it  has  once  been  cultivat- 
ed and  has  sustained  an  intelligent  people,  but  when  the  possi- 
bility occurred  for  obtaining  Indian  corn  from  far  distant  points, 
the  cultivation  of  much  of  this  land  ceased,  because  it  was  not 
needed  for  market  gardens,  and  it  did  not  appear  to  be  well 
adapted  to  pasturage. 

In  the  section  of  Massachusetts  where  I  pass  my  summers,  old 
fields  are  being  covered  with  scrub  oak,  and  old  dwelling  places 
are  falling  into  decay,  where  by  means  of  intelligent  cultivation 
sixty  bushels  of  shelled  corn  to  the  acre  can  be  made,  and  it  is 
only  a  question  of  cost  whether  or  not  such  a  crop  shall  be 
made.  This  cost  again  depends  upon  the  price  at  which  the  land 
can  be  fertilized. 

.  Now  the  chemists  assure  me  that  this  soil  contains  iron, 
magnesia  and  chlorine  in  ample  measure ;  that  it  can  be  furnished, 
with  potash  at  a  very  low  cost  from  many  sources,  especially  from 
the  inexhaustible  mines  in  Stassfurt,  Germany ;  that  it  can  be  fur- 
nished with  the  phosphate  of  lime  at  very  low  cost  from  the  phos* 
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phate  deposits  of  South  Carolina  and  of  Ottawa,  to  which  latter 
source  reference  has  already  been  made.  Along  the  whole  New 
England  coast  are  also  scattered  the  fertilizer  works  which  draw 
their  supplies  mainly  from  the  sea. 

But  it  has  been  assumed  that  unless  some  kind  of  a  fertilizer 
could  be  added  to  these  substances  containing  nitrogen  in  large 
quantities,  the  effort  to  raise  corn  upon  this  land  would  fail ;  yet 
now  comes  Professor  Atwater  who  tells  us  that  so  far  as  his 
experiments  and  his  cooperative  work  yet  prove  anything,  it  may 
be  proved  that  the  Indian  corn  plant  is  analogous  to  clover,  to 
the  southern  cow-pea  and  to  a  few  other  plants,  in  being  capable 
of  deriving  its  nitrogen,  somehow  or  other,  from  the  nitrogen  of 
the  atmosphere  or  from  some  natural  source,  and  that  it  needs 
no  expensive  nitrogenous  fertilizer  to  be  applied  to  the  soil,  pro- 
vided the  other  elements  already  named  are  there.  But  while  the 
corn  has  done  so  well  with  the  phosphates  and  potash  salts,  it  has 
given  still  larger  and  more  satisfactory  results  where  these  and 
farm  manures  were  used  together.  In  the  plan  herein  proposed, 
stable  manure  would  be  furnished  in  great  abundance.  Professor 
Atwater's  statement  is  as  follows : — 

'^  The  important  fact  is,  that  the  corn  plant  has  in  these  trials 
shown  itself  capable  of  bringing  fair  yields  with  small  amounts  of 
the  less  costly  mineral  fertilizers,  even  in  the  worn-out  soils  of  the 
eastern  states.  With  this  help  it  has  gathered  its  nitrogen  from 
natural  sources,  and  holds  it  readily  to  be  fed  out  on  the  farm 
and  returned  in  the  form  of  manure  for  other  crops.  In  other 
words,  the  experiments,  thus  far,  imply  that  the  corn  has,  some 
how  or  other,  the  power  to  gather  a  great  deal  of  nitrogen  from 
the  soil  or  air,  or  both ;  that  in  this  respect  it  comes  nearer  to  the 
legumes  than  the  cereals ;  that,  in  short,  corn  may  be  classed  with 
the  Renovating'  crops.  If  this  is  really  so,  and  this  can  be  settled 
only  by  continued  experimenting,  then  our  great  cereal,  instead  of 
being  simply  a  consumer  of  the  fertility  of  our  soils,  may  be  used 
as  an  agent  for  their  restoration." 

If  this  is  so,  it  is  difficult  to  conceive  of  the  importance  of  these, 
facts. 

As  I  have  before  said,  life  is  but  a  conversion  of  forces,  and  this 
proposition  may  be  sustained  with  regard  to  animal  life,  as  well  as 
with  regard  to  human  life. 
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How,  then,  shall  we  convert  the  forces  of  our  mines  and  of  the 
soil  and  air  into  animal  food  for  the  use  of  man,  by  working  over 
this  deserted  soil  of  Massachusetts  into  a  beef  factory  ? 

The  way  is  very  plain  and  simple — if.  (I  call  you  to  witness  that 
I  italicize  the?/.)  Witness  Farrish  Furman  of  Georgia,  after  carefully 
studj'ing  the  chemical  elements  of  the  cotton  plant,  invented  a 
fertilizer,  at  very  low  cost,  by  which  he  brought  waste  and  deserted 
cotton  land,  from  |  of  a  bale  to  2^  bales  to  the  acre.  In  so  doing 
he  made  use  of  the  Stassfurt  potash  and  the  phosphate  rocks  of 
South  Carolina.  By  way  of  his  laboratory,  consisting  of  wasted 
soil  which  had  long  since  ceased  to  be  a  mine  yielding  cotton,  he 
converted  the  two  minerals  named  into  cotton  seed.  We  may  buy 
the  meal  of  this  cotton  seed,  bring  it  to  Massachusetts,  there  feed 
it  and  thus  convert  the  same  minerals  into  fertilizing  elements,  in 
the  soil  laboratory  of  Bristol  or  Plymouth  counties. 

Here  we  have  not  only  the  phosphate  and  the  potash,  but  also  a 
food  for  beasts  very  rich  in  protein,  yielding  the  most  valuable 
manure  by  the  use  of  which  we  may  enable  our  laboratory  to 
grow  Indian  corn  at  the  rate  of  20  to  25  and  some  claim  even  30 
tons  of  forage  to  the  acre. 

Suppose  we  put  this  forage  into  pits  and  feed  it  at  the  rate  of 
two  steers  to  an  acre,  adding  each  year  the  ration  of  cotton  seed 
meal  to  the  sixty  pounds  of  ensilage  daily  required  by  a  steer.  We 
may  also  soon  find  some  other  very  nitrogenous  plant  capable  of 
being  grown  in  the  north,  which  like  the  southern  "cow-pea"  will 
produce  a  very  heavy  crop  of  forage  on  very  poor  soil.  Cow-pea 
vines,  being  mixed  with  Indian  corn  in  ensilage  pits,  appear  to 
yield  the  necessary  proportion  of  protein,  so  that,  in  North  Caro- 
lina, working  mules  are  now  sustained  upon  this  mixed  ration  of 
pitted  fodder  in  as  good  condition  as  when  previously  fed  on 
northern  hay. 

What  may  be  the  result  of  our  conversion  ? 

I  am  assured  that  if  we  slaughter  the  steer,  removing  all  the 
salable  products,  the  hide,  the  meat,  the  bone  and  the  hoof,  we 
should  yet  remove  less  phosphate  of  lime  and  less  potash  than  we 
had  fed  througli  the  steer  to  the  soil.  Our  Indian  corn  might  some- 
how have  entrapped  the  nitrogen  of  the  atmosphere,  and  with  the 
fertilizing  elements  of  the  cotton  seed,  would  again  have  enriched 
the  soil ;  our  soil  laboratory  would  thus  grow  more  productive  every 
year  iu  ratio  to  the  number  of  animals  which  we  fed  upon  it,  per- 
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haps  until  we  fed  possibly  three  steers  to  an  acre.  This  has  never 
been  done  within  my  knowledge,  but  I  do  not  believe  it  is  beyond 
the  power  of  science  to  make  such  a  crop  upon  a  fair  acre  of  land 
in  a  good  season,  as  to  yield  sufficient  forage  to  carry  three  steers 
to  an  acre  if  not  for  a  full  3'ear,  then  for  at  least  eight  months  in 
a  year,  and  daring  the  remainder  of  a  year  they  could  as  well  as 
not  be  turned  out  to  the  wild  land  in  the  neighborhood  for  pas- 
turage. There  is  room  enough  in  New  England  on  land  now 
going  to  waste  to  raise  all  the  beef  we  can  eat,  and  more,  if  such 
methods  are  feasible. 

Without  giving  any  especial  attention  to  the  matter  I  have  my- 
self been  keeping  two  cows  on  the  crop  of  a  single  acre  for  nearly 
a  year,  year  by  year  since  1880,  but  I  am  rather  ashamed  to  say 
that  I  cannot  give  the  measure  of  meal  or^middlings.  I  have  only 
proved  to  my  own  satisfaction  that  it  is  easily  possible  to  raise 
as  much  corn  fodder  on  an  acre  as  two  cows  require  for  one  year. 

What  would  be  the  cost  of  beef  in  money?  Would  it  not  be 
the  •price  of  the  cotton  seed  meal  and  the  price  of  the  labor?  to 
which  may  be  added,  if  any  one  chooses,  a  slight  additional  sum 
for  the  interest  on  very  low  priced  land.  I  do  not  put  interest  on 
the  capital  invested  into  the  cost  of  the  product,  because  that  is 
what  the  capitalist  would  work  for  ;  that  would  be  his  profit. 

Again,  if  deserted  land  can  be  used  in  this  way  in  the  eastern 
part  of  the  country,  what  would  be  tlie  method  of  use? 

I  have  referred  to  the  land  as  a  laboratory  and  to  the  estab- 
lishment as  a  beef  factory,  and  I  did  this  with  a  purpose. 

A  small  area  of  land  can  be  kept  under  the  intelligent  super- 
vision of  one  man  (either  the  owner  or  his  superintendent  who 
may  himself  do  no  part  of  the  actual  work)  ;  then  the  land 
worked  as  a  laboratory  would  be  like  the  factory  in  its  adminis- 
tration. 

Furthermore,  eveuy  part  of  the  planting,  cultivating,  harvesting 
and  feeding  can  be  done  by  the  piece,  paid  for  by  the  measure, 
and  supervised  with  as  much  accuracy  as  the  working  of  the  cot- 
ton factory  can  be  supervised  by  an  agent. 

The  subdivision  of  labor  can  be  made  in  the  same  way ;  each 
workman  in  the  beef  factory,  having  his  work  assigned  to  him  by 
measure,  can  be  paid  by  tlie  piece  or  job,  precisely  as  the  work 
of  the  cotton  factory  is  subdivided.  The  end  of  such  a  method 
is  the  largest  product  at  the  least. cost. 
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If  the  hypothesis,  which  is  not  yet  absolutely  proven,  but  in 
favor  of  which  the  array  of  facts  is  so  strong  as  to  leave  Professor 
Atwater  in  but  little  doubt  about  it,  be  hereafter  sustained  that 
Indian  corn  has  the  power  of  gathering  its  nitrogen  from  natural 
sources,  then  it  may  be  safely  affirmed  that  a  three-year  old  steer 
can  be  produced  upon  the  waste  land  of  New  England  at  this 
time  at  less  cost  than  the  same  steer  can  be  produced  from  Texas 
by  way  of  the  western  plains  to  the  Brighton  abattoir  on  the  basis 
of  the  present  charge  for  Texas  cattle  on  their  native  plains. 

Here,  then,  we  may  be  able  to  reduce  the  cost  of  meat  if  the 
alternative  of  using  less  meat  is  not  acceptable. 

But,  even  if  this  solution  may  not  prove  to  be  the  tine  and  final 
one,  may  we  not  expect  to  displace  the  semi-barbarous  or  wild  sys- 
tem of  raising  steers  on  our  far-distant  plains — moving  them  in 
cruel  cattle  cars  at  heavy  cost  and  thus  providing  meat  which  is 
very  liable  to  be  unwholesome  —  by  substituting  methods  more 
consistent  with  science?  When  we  can  do  so  we  may  be  able  to 
advise  our  young  men  in  New  England  to  stay  east  rather  than  to 
go  west,  and  thus  maintain  a  better  and  safer  balance  in  our  pop* 
uiation,  of  which  in  Massachusetts  more  than  one-fourth  part  is 
now  foreign  born. 

If  these  points  are  well  taken  ;  if  it  is  possible  to  treat  the  soil 
as, a  laboratory  without  very  much  regard  to  its  original  properties, 
or,  at  least,  without  so  much  regard  to  the  original  properties  as 
is  commonly  given,  a  great  change  must  be  made  in  the  postulates 
of  economic  science. 

When  the  intensive  S3'stem  of  farming  is  adopted,  tending  to  a 
greater  concentration  of  the  population  engaged  in  agriculture, 
which  change  may  be  accompanied,  as  I  have  endeavored  to  show, 
by  a  wider  diffusion  of  the  population  now  too  much  concentrated 
in  cities,  the  whole  balance  of  the  population  will  be  changed  ;  both 
the  agricultural  and  the  manufacturing  population  will  be  brought 
nearer  together,  and  all  will  be  brought  under  vastly  better  condi- 
tions of  society  than  either  class  can  now  enjoy.  Furthermore, 
several  of  the  a  priori  concepts  of  the  English  economists  must 
yield. 

The  law  of  diminishing  returns  from  land  can  neither  be  sus- 
tained historically,  theoretically  nor  practically. 

The  so-called  law  of  population,  that  population  tends  to  in- 
crease faster  than  the  means  of  subsistence,  has  no  foundation 
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historically,  practically  nor  theoretically  if  the  propositions  whicli 
are  presented  in  this  address  have  any  validity. 

The  Ricardian  theory  of  rent  will  have  no  basis  whatever. 

What  may  be  the  future  of  humanity  under  these  conditions  no 
man  can  tell. 

What  may  be  the  influence  of  this  countr}^  upon  the  rest  of  the 
world  no  man  can  foresee. 

In  order  that  3^ou  may,  in  some  very  dim  manner,  foreshadow  this 
influence,  I  beg  to  submit  to  3'ou  a  few  statements  in  figures  and 
in  black  lines  which  I  have  made  use  of  in  another  publication. 

I  present  to  you  lines  indicating  the  total  area  of  the  United 
States  accompanied  by  others  which  show  the  little  fraction  of  our 
soil,  which  has  3'et  been  devoted  to  the  production  of  grain  and 
cotton.  Even  this  little  fraction  is  double  what  would  be  i-e- 
quired  under  an  intelligent  and  intensive  system  of  agriculture. 

To  these  lines,  showing  what  has  been  done,  I  have  added  other 
lines,  showing  what  may  be  done  in  the  production  of  wool,  of 
meat  and  of  dairy  products,  and  these  again  are  measured  upon 
an  assigned  product  to  each  acre  of  only  one-half  that  which  has 
been  actually  accoraplislied  in  certain  places. 

In  this  table,  I  have  dealt  in  a  rough  and  ready  way,  with  the 
acres  now  occupied  or  which  might  serve  for  all  our  great  crops. 

The  area  of  the  United  States,  omitting  Alaska,  is  a  trifle  less 
than  3,000,000  square  miles. 

In  a  broad  and  general  way  we  may  assume  that  one-half  this 
area  is  good  arable  land,  one  quarter  good  pasture  land,  and  one 
quarter  forest,  mountain, and  mining  territory. 

TOTAL  AREA. 

8,000,000  square  miles. 
Graphically  shown  by  the  four  lines, 
Mountaiu  and  Timber. 
1-4. 

Grazing. 
1-4. 

Aral>le. 
1-2. 
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INDIAN  CORN  FIELD. 

112,500  square  miles. 

At  25  bushels  to  an  acre  this  area  produces  1,800,000,000  bushels.  This 
corn  is  largely  converted  into  pork  at  the  rate  of  5  lbs.  of  corn  to  one 
pound  of  pork.  Assuming  one  thousand  million  bushels  thus  converted, 
and  the  rest  used  for  human  or  cattle  food,  the  product  of  pork  would  be 
equal  to  18,500,000  casks  or  its  equivalent  In  bacon*,  which  would  give 
nearly  one  cask  of  pork  of  800  lbs.  to  each  head  of  a  group  o€  three  per- 
sons per  year,  or  100  lbs.  per  capita. 

WHEAT  FIELD. 

60,000  square  miles. 

At  13  bushels  per  acre  this  little  area  yields  a  little  over  500,000,000 
bushels.  Setting  aside  an  ample  portion  for  seed  this  quantity  would  give 
over  80,000,000  persons  one  barrel  of  flour  per  year. 

COTTON  FIELD. 

20,000  square  miles. 

At  the  wretched  average  of  only  half  a  bale  to  an  acre  this  little  patch 
yields  6,400,000  bales  in  a  year. 

WOOL. 

What  the  actual  area  of  sheep  pasturage  is  no  man  can  tell, 
because  the  ar^a  of  land  absolutely  free  to  graziers  and  ranchers 
is  so  large  that  no  question  of  area  has  arisen  until  within  a  very 
short  time ;  but  the  end  of  this  wasteful  and  archaic  method  can 
be  foreseen.  When  the  cur-dog  shall  have  been  muzzled,  or  wlien 
dogs  shall  have  been  declared  ferce  naturcE^  it  will  be  easily  possi- 
ble to  sustain  four  slieep  to  an  acre  over  wide  areas  of  unoccupied 
land  in  the  east  and  south  as  well  as  in  the  far  west ;  this  would 

require  a  sheepfold  of 

40,000  sq. miles, 

sustaining  102,400,000  sheep,  which  at  only  4  lbs.  each  would  yield  as 
much  wool  as  we  now  consume  of  all  kinds,  both  domestic  and  foreign. 

DAIRY  FARMS  AND  BEN  YARDS. 

In  1880  the  number  of  milch  cows  was  estimated  at  12,500,000, 
and  the  product  of  eggs  was  computed   at   500,000,000  dozen, 
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valued  at  $80,000,000.     Over  how  wide  a  range  of  pasturage  the 
mlich  cow  ranged  it  is  impossible  to  say,  but  almost  within  the 
period  which  has  elapsed  since  1880  it  has  been  proved  entirely 
possible  to  feed  two  cows  one  year  on  the  corn-stalks  saved  in  pits 
which  can  be  raised  on  one  acre  of  faiiiy  good  land,  if  to  this  green 
fodder  be  added  a  ration  of  meal  made  from  the  cotton  seed  which 
was  almost  all  wasted  until  a  very  recent  time,  and  is  yet  saved  in 
only  a  very  small  proportion.      But  in  order  to  be  safe  we  may 
reverse  this  ratio,  and  assigning  only  one  cow  to  two  acres  we  may 
greatly  increase  our  present  ration  of  milk,  butter  and  cheese, 
with  the  hens'  eggs  thrown  in. 

A  Dairy  Farm  and  Hen  Yard 
of  60,000  square  miles, 

at  1  cow  to  2  acres,  will  sustain  19,200,000  cows.  I  have  myself  no  diffi- 
culty In  keeping  two  cows  one  year  on  the  forage  of  one  acre  with  a  mod- 
erate feed  of  meal,  or  wheat  middlings  added. 

B£EF« 

The  relative  importance  of  meat  in  the  subsistence  of  our  people 
has  been  shown.  A  large  portion  of  our  beef  is  now  produced  by 
almost  semi-barbarous  methods  on  the  far-distant  plains ;  but  as 
population  increases  this  rude  way  must  give  place  to  more  civil- 
ized and  humane  modes,  and  our  beef  must  be  produced  near  its 
place  of  consumption.  Provision  has  been  made  for  the  cornfield, 
and  if  pitted  forage  is  as  fully  justified  on  a  broad  scale  as  it  has 
been  in  the  successful  experiments  of  many  able  men  who  have 
applied  brains  and  capital  to  the  use  of  land,  it  would  be  necessary 
to  assign  only  a  small  area  to  beef. 

60,000  square  miles, 

at  500  lbs.  of  meat  to  an  acre,  would  yield  nearly  one  pound  of  beef  per 
day  to  our  pre&ent  population  (reckoning,  two  children  as  one  adult). 

If  these  propositions  can  be  sustained,  it  follows  that  our  present 
crops  of  corn,  wheat  and  cotton,  and  a  very  much  increased  prod- 
uct of  the  dairy  and  poultry-yard,  as  well  as  of  meat  and  wool, 
can  be  raised  on 

852,500  square  miles, 

or  upon  twelve  per  cent  of  the  total  area ;  and  even  this  assign* 
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ment  of  land  is  nearly  double  what  might  be  required  if  the  inten- 
sive system  of  farming  were  adopted  by  men  of  sufficient  intelligence 
and  capital  to  conduct  all  parts  of  the  work  in  a  reasonably  good 
way. 

It  is  held  that  in  the  face  of  this  demonstration  the  charge  that 
poverty  is  now  to  be  attributed  to  monopoly  of  land  in  this  coun- 
try is  utterly  disproved,  and  that  the  explanation  of  extreme  pov- 
erty must  be  sought  in  other  directions.  It  is  painfully  apparent 
that  extreme  poverty  is  to  be  found  chiefly  among  those  who  are 
foreign  born,  but  there  is  as  much  free  land  open  to  them  as  there 
is  to  the  native  born,  — enough  and  to  spare  for  both. 

If  these  propositions  can  be  sustained,  it  may  therefore  happen 
that  when  the  population  of  the  United  States  of  1880  shall  have 
doubled, —  perhaps  in  the  first  decade  of  the  next  century, —  an 
area  of  land  no  larger  than  that  which  is  assigned  in  these  graph- 
ical lines  will  be  required  to  sustain  the  people  of  that  day ;  it 
may  happen  that  tlie  hundred  million  people  then  existing  upon 
our  national  domain  will  require  a  very  much  less  area  of  soil 
to  sustain  them  than  is  now  devoted  to  the  subsistence  of  the 
present  population. 

Venture  then  to  imagine  one  hundred  million  English-speaking 
people  living  iu  comfort  and  welfare  upon  our  national  domain, 
even  thei^  making  use  for  the  necessary  purposes  of  subsistence, 
of  only  one  acre  in  eight  or  ten  of  our  whole  area ;  free  from 
national  debt,  paying  their  national  taxes  under  a  well  devised 
and  intelligent  system,  meeting  their  competitors  in  the  com- 
merce of  the  world  with  vast  quantities  of  every  kind  of  produce, 
and  of  manufactured  articles  which  will  have  been  produced  by 
the  application  of  the  best  machinery  to  the  greatest  natural  re- 
sources to  be  found  in  any  similar  area  of  the  earth's  surface. 
The  working  people  who  will  then,  as  they  do  now,  constitute 
more  than  ninety  in  every  hundred  of  the  population,  gaining  a 
constantly  increasing  share  of  an  increasing  product  with  less 
effort  or  labor  in  each  decade,  as  the  decades  pass. 

Can  the  standing  armies  of  Europe  be  sustained  when  the  full 
economic  effect  and  the  moral  influence  of  this  nation  is  thus  ex- 
erted ? 

The  material  subjects  which  we  treat  are  but  one  phase  of  that 
life  of  which  the  moral  and  the  spiritual  are  also  integral  parts, — 
each  resting  upon  the  other,  each  more  or  less  dependent  upon 
the  other. 
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Even  among  the  figures  and  the  diy  statements  of  facts  with 
which  we  are  called  upon  to  deal  in  Section  I,  may  we  not  there- 
fore find  something  to  arouse  the  imagination  and  much  to  stim* 
ulale  the  higher  life  which  is  the  end  of  all  our  work? 

Of  a  truth  the  swords  shall  be  beaten  into  ploughshares  and  the 
spears  into  pruning  hooks. 

In  our  far  southern  land,  upon  the  heights  around  Chattanooga, 
were  many  ramparts  within  and  before  which  thousands  rendered 
up  their  lives  in  order  that  liberty  might  be  established  over  all 
our  domain. 

Even  from  death  unto  life  sprang  forth  the  new  industiy  of  the 
new  south  ;  those  very  ramparts  are  now  the  walls  of  the  reservoirs 
which  supply  the  free  men  of  that  city  with  living  water. 

So  may  it  be  in  all  lands  when  men  learn  to  serve  each  other  in 
beneficent  commerce  and  when  all  the  nations  of  the  earth  shall 
have  become  interdependent. 

STATISTICAL  TABLES. 

If  the  basis  of  the  consumption  of  adult  factory  operatives, 
composing  a  large  proportion  of  females  and  the  lesser  proportion 
of  men  customarily  occupied  in  or  about  a  cotton  factory  in  the 
eastern  or  middle  states  combined,  be  adopted  as  a  fair  standard 
for  the  average  per  capita  consumption  of  the  country,«the  con- 
sumption statement  of  the  present  population  of  57,000,000  as 
the  equivalent  of  50,000,000  adults  by  computing  two  children 
under  ten  as  one  adult,  would  be  as  follows ;  the  data  being  com- 
piled from  a  sufiScient  number  of  records  between  1880  and  1884, 
to  be  reasonably  accurate  ;  since  the  computation  prices  have  fallen 
considerably.  The  proportion  of  tea,  coffee  and  sugar  is  probably 
somewhat  above  the  average  consumption,  women  apparently  con- 
suming a  larger  proportion  than  men. 

CONSUMPTION  OF  THB 
CRNTS  U.   8.   ON  THIS  BASIS. 


Meat,  poultry  and  fish, 

per  day  ^  to  1  lb. 

9.70 

$1,765,000,000 

Milk  I  pint,  butter  U  to  1* 

oz.,  cheese,  a  scrap. 

5.00 

912,500,000 

Eggs,  1  every  two  days 

1 

at  12  cents  per  doz., 

.50 
15.20 

91,250,000 

$2,768,750,000 
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CONSUMPTION  OP  THE 
CENTS  U.  S.   ON   THIS  BASIS. 

Amount  brought  forward  15.20  2,768,750,000 

Cereals,  2.50  456,000,000 

Vegetables,  1.98  860,500,000 

Sugar  or  syrup,  1.94  353,000,000 

Tea  or  coffee,  1.20  185,000,000 

Fruit,  green  or  dr}-,  .62  113,000,000 

Salt,  spice,  ice,  etc.  .49  89,000,000 


Total  per  day,        23.93         per  year,    $4,325,250,000 

The  estimates  of  the  cost  of  drink  range  from  a  mimimum  which 
has  been  established  by  Mr.  David  A.  Wells  after  careful  research 
of  $474,823,000,  to  various  sums  reaching  very  extravagant  fig- 
ures. It  may  be  fairly  computed  that  the  total  price  of  food  to 
consumers  is  over  $5,000,000,000  ;  the  price  of  clothing,  carpets 
and  other  textile  fabrics  which  are  directly  used  by  men  and  women 
may  be  fairly  computed  at  $1,500,000,000. 

Dietary  No.  2. 

Fourteen  adult  men  and  women  in  Massachusetts,  nine  men  en- 
gaged in  mechanical  work,  three  women  in  mill  work,  two  in  the 
care  of  the  house,  for  six  months  in  1885.     (Mostly  Irish.) 

CENTS 

Meat  per  day,  9.52 

Milk,  butter  and  cheese,  6.50 

Eggs,  1.40 


Total  animal  food,     17.42 

Cereals,  4.07 

Sugar  and  syrup,  1.90 

Vegetables,  1.32 

Fruit,  green  and  dry,  1.17 

Tea  and  coffee,  .70 

Sundries,  2.14 


Total  cents  per  day,     28.73 

Dietary  No.  3. 

A  French  Canadian  family  of  ten  persons,  four  adults,  six  chil- 
dren, two  to  eighteen  3'ear8  computed  at  4|  adults.  Total  8  j 
adults.    Massachusetts  six  months  in  1885. 
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CENTS 

Meat  and  fish  per  day,  5.02 

Milk,  butter  and  cheese,  4.63 

Eggs,  .96 


Total  animal  food,       10.61 

Cereals,  3.00 

Vegetables,  2.82 

Sugar  and  syrup,  1.87 

Fruit,  green  and  dr^',  1.05 

Tea  and  coffee,  .63 

Sundries,  1.81 


Total  cents  per  day,  21.79 

Dietaj-y  No.  4. 

A  well-to-do  American  family,  father  and  two  sous,  mechanics, 

three  adults,  five   children,  two   under  ten  3'ears  old.  Massachu- 
setts, six  months  in  1885. 

Meat  and  fish  per  day,  9.70 

Millc,  butter  and  cheese,  6.73 

Eggs,  1.43 


Total  animal  food,       17.86 

Cereals,  3.83 

Vegetables,  3.21 

Fruit,  3.28 

Sugar  and  sjrup,  1.88 

Tea  and  coffee,  1.25 

Sundries,  2.53 


Total  cents  per  day,         33.90 

Dietary  No,  5. 

I  am  indebted  to  Mr.  J.  S.  Lord,  Chief  of  the  Bureau  of  Sta- 
tistics of  Illinois,  for  the  most  comprehensive  statement  of  the 
cost  of  the  food  of  a  large  number  of  persons,  which  I  have 
ever  seen,  except  in  the  data  of  armies. 

It  was  prepared  by  Dr.  Fred.  H.  Wines,  Secretary  of  the  Board 
of  Public 'Charities  of  III.,  from  the  accounts  of  the  Public  In- 
sane  Asylums,  Institutions  for  the  Blind,  Deaf  and  Dumb  and 
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Feebleminded  and  of  the  State  Reform  School.  This  report 
covers  the  cost  per  day  of  sustaining  these  institutions  for  ten 
j'ears,  lacking  two  months,  from  Dec.  1,  1874,  to  Sept.  30,  1884. 

The  average  number  of  persons  fed  was  3,293  :  Inmates  2,779, 
officers  and  employes  514.  The  total  number  of  days'  board  was 
11,828,685:  inmates  9,981,483,  officers  and  employes  1,847,202. 

No  account  has  been  kept  and  no  estimate  has  been  officially 
made  of  the  garden  stuff  raised  on  the  farms  connected  with 
these  institutions,  nor  of  milk,  nor  of  pigs  and  poultry  raised  and 
eaten.  The  statistics  cover  only  the  food  purchased.  The  dietary 
is  as  follows : 


CENTS 

Meat,  fish,  butter,  lard  and  eggs,  per  day, 

6.69 

Cereals, 

2.34 

Vegetables, 

.58 

Sugar  and  syrup. 

1.22 

Tea  and  coffee. 

.62 

Sundries, 

2.09 

Total  cents  per  day,        13.49 

All  purchased  at  wholesale  prices.  Dr.  Wines  estimates  the 
consumption  of  milk  at  one-tenth  of  a  gallon  per  day  which  at  20 
cents  a  gallon  would  add  two  cents  per  day.  He  also  computes 
the  value  of  the  farm  products  raised  on  the  farms  connected  with 
the  institutions  at  two  cents  per  day  each  person,  which  being 
added  to  the  money  paid  for  provisions  would  bring  the  actual 
ration  to  about  17  cents  per  day  per  person,  which  is  somewhat 
above  the  cost  of  food  provided  for  the  prisoners  in  Massachusetts 
jails  ;  but  due  regard  being  given  to  the  members  of  skilled  officials 
and  employes,  to  the  greater  variety  of  food  and  to  the  abun- 
dance of  vegetables  raised,  the  ration  Tnny  be  considered  one  of  a 
higher  grade. 

The  inmates  of  these  institutions  are  all  adults  or  boys  except 
in  one  case,   the   Home   for  Soldiers'   Orphans:  in   the  Reform 
School  the  ages  are  fourteen  to  seventeen. 
The  quantities  of  food  per  capita  were  as  follows,  per  annnm : 
Breadstufis  (all  sorts),  281.38  pounds. 

Meats  and  fish,  226.12       '' 

Butter,  28.99       " 

Cheese,  8.26       " 
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Tea, 

Coffee, 

Sugar, 

Rice  and  bominj, 

Fruit  bought  by  the  pound, 


Fruit  bought  by  the  quart, 
Vegetables  reduced  to  quarts. 


2.40  pounds. 

7.60 
86.78 

5.23 
10.64 


4( 
C4 

il 


Total,        602.40 

27  quarts. 
71 


i( 


98 


Oranges  and  lemons,  number, 

Eggs,  number, 

Molasses,  vinegar  and  cider. 


4 

91 


1.22  gallons. 


Average  prices  paid : 

Flour  (wheat)  per  barrel,  $6.03 

Fresh  meat  per  100  lbs.,  7.33 

Salt  meat  per  100  lbs.,  5.66 

Potatoes  per  bushel,  .64 

Butter  per  pound,  a  fraction  less  than  .22 

Tea  per  pound,  ,41 

Coffee  per  pound,  .17 

Sugar  per  pound,  .09 

Molasses  per  gallon,  .49 

Eggs  per  dozen,  .13 

Tiie  expenses  of  these  institutions  during  this  period  were 
$5,869,189.30,  of  which  salaries  constituted  $2,094,896.86. 

The  average  charge  per  inmate  has  been  as  high  as  59 J  cents 
per  day  and  is  now  55  cents  ;  but,  including  officials  and  emplo3*6s, 
the  cost  per  head,  no  rent  being  charged,  is  46  cents  per  d&y  per 
capita. 

If  we  deduct  25  per  cent,  as  the  savings  of  officials  and  em- 
ployes, the  remainder,  $5,345,515  gives  an  average  cost  of  about 
45  cents  per  day,  expended  in  food,  fuel,  clothing,  repairs,  and  gen- 
eral expenses,  without  rent ;  or  if  we  reduce  the  salaries  of  offi- 
cials and  employ6s  by  one-half,  we  still  have  an  average  cost  of 
41  to  42  cents,  or  at  the  present  time  of  37^  cents  per  head. 

This  is  surprisingly  low,  and  it  proves  the  economy  and  effl- 
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ciency  of  the  management  of  these  institutions ;  but  it  brings  out  in 
a  most  conspicuous  way  the  close  conditions  of  existence  when 
we  compare  these  figures  with  the  average  expenditure  per 
capita  in  the  families  of  working  people  and  when  we  recall  the 
fact  that  a  very  large  proportion  must  pay  rent  as  well  as  provide 
Sood,  fuel  and  clothing  out  of  what  40  to  45  cents  a  day  will  buy. 

Dietary  No,  6. 

Fifty-six  adult  females,  factory  operatives  and  the  emploj'es  in 
charge  of  the  boarding-house,  for  six  months  in  1885,  in  Mary- 
land. 

Food  bought  by  the  factory  owners  at  wholesale  prices. 

CKNTS 

Meat  and  fish,  6.51 

Milk,  butter  and  cheese,  2.86 

Eggs,  .65 


Total  animal  food,     10.02 

Vegetables,  1.46 

Cereals,  1.73 

Sugar  and  sj-rup,  1.80 

Tea  and  coffee,  .90 

Fruit,  .35 

Salt,  spice,  etc.,  .40 


Total  cents  per  day,     16.16 

Dietary  No.  7. 

By  the  kindness  of  Mr.  L.  McHugh,  Chief  of  the  Bureau  of  La- 
bor Statistics  of  Ohio,  I  have  been  furnished  with  the  division  of 
the  expenses  of  twenty-seven  mechanics*  and  miners'  families  in 
Ohio  whose  average  expenditures  ranged  for  one  year  from  $300 
for  2  persons  to  $1,194  for  6  persons. 

Average  persons  per  family  4/,j®(f. 

Average  expenditure  per  year  $557.14 

Average  per  person  per  day  •32^oS 

Subdivision. 
Rent  76.52 

Food  and  light  261.04 
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Clothing  including  boots  and  shoes 

and  miscellaneous  dry  goods 

115.42 

Fuel 

32.00 

Sickness 

20.74 

Sundries 

60.42 

$557.14 

Food  in  this  statement  costs  a  little  less  than  50  per  cent  of  the 
expenditure  at  an  average  of  15fy^iy  cents  per  person  per  da}'.  At 
a  fair  computation  this  would  be  at  the  rate  of  17fy\,  cents  per 
day  per  adult. 

Dietary  No,  8. 

A  carder  in  a  woollen  mill  in  Rhenish  Prussia,  supporting  his 
wife  and  two  children  of  6  and  8  years,  equal  to  three  adults. 
(From  Consul  J.  S.  Potter's  report.) 

PER  WEEK. 

Breakfast :  coffee,  bread  and  butter,  .47^  cts. 
Lunch :  bread  aud  butter,  sometimes  a 

little  meat,  .47^ 
Dinner :  soup,  potatoes  or  other  vege- 
tables, occasionally  a  little  meat,  1.66 
Lunch  at  4  p.  m. :  coffee,  bread  and  butter,  .47J 
Supper,  8  p.  m. :  milk,  soup  and  bread,  .47^ 
Personal  luxuries  including  beer,  .26 


Total  per  week,  $3.82 

Per  day  for  the  equivalent  of  3  adults  .5455 
Per  day  for  each  adult  18  ^'^^^  cents. 

Dietary  No.  9. 

Condition  of  a  i*epresentative  workman  in  a  German  shoe  fac- 
tory as  given  in  the  report  of  Consul  J.  S.  Potter. 

"I  am  38  years  old  and  have  a  wife  and  three  children  the  old- 
est 13  and  the  j'oungest  6  years  of  age.  I  am  shoe-dresser  in  a 
factory  and  I  am  paid  77  cents  per  day  for  12  hours  work. 

For  breakfast  we  have  coffee,  bread  and  butter  and  some  meat 
for  myself. 

For  dinner :  soup  with  some  vegetables  and  pork. 
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At  4  o'clock :  coffee,  bread  and  sometimes  butter. 
At  8  o'clock  supper :  salad,  potatoes  and  bacon  sauce  and  some 
meat. 

My  wife  earns  94  cents  a  week  and  I  work  extra  hours.  With 
our  united  earnings  I  can  support  my  family  very  well  and  save 
for  the  ^sparcasse'  from  $10  to  $12  a  year. 

M}'^  regular  yearly  wages  now  amount  to  $241^^. 
I  pay  for  rent  per  year,  32.13 

Clothing  for  self,  wife  and  children,  41.65 

For  food  and  fuel,  44  cents  per  day,  160.27 

Government  tax,  .72 

Beer  and  tobacco,  6.56 


$241.33 

My  savings  are  from  extra  work.  When  sick  we  are  furnished 
with  medicine  and  medical  attendance,  free  of  cost,  the  expense 
for  which  is  paid  from  a  contribution  by  my  employer  and  a  work- 
man's union  in  the  factory. 

At  the  present  time  (1885)  business  is  very  lively  and  wages 
are  high" 

The  italics  are  my  own.  It  will  be  observed  that  the  cost  of 
food  and  fuel  is  66|  per  cent  of  the  expenditure,  and  if  the  family 
is  computed  at  3^  adults,  the  cost  of  food  and  fuel  is  12^oV  <^ts. 
per  day. 

These  two  reports  give  some  indications  of  the  comparative  con- 
ditions of  workmen  in  Germany  and  in  the  United  States.  The 
money  available  for  food  is  less  in  German}^  both  in  amount  and 
in  purchasing  power. 

Under  recent  instructions  from  the  Secretary  of  State,  consuls 
will  hereafter  report  on  a  uniform  plan  as  to  the  daily  rations  of 
European  workmen,  giving  quantity,  price  and  amount,  in  a  form 
corre8[>onding  to  the  statements  given  in  this  address  on  the 
rations  in  this  country. 

It  needs  no  argument  to  prove  that  the  great  advantage  of  this 
counti-y  over  all  others  lies  in  the  huge  abundance  of  the  most  nu- 
tritious food,  and  since  the  cost  of  labor  in  any  given  product  may 
be  measured  by  the  effectiveness  of  the  labor,  rather  than  by  a 
mere  comparison  of  the  rate  of  wages  in  money,  it  becomes  impor- 
tant to  know  the  price  of  food  in  countries  which  may  compete 
with  us,  or  which  we  may  be  called  upon  to  supply  in  part. 

A.  A.  A.  8.,  VOL.  XXXIV.  80 


466  BKCTION    I. 

The  problem  ma}"^  be  given  in  these  terms : 

1.  What  is  the  quantity  of  work  performed  for  a  given  sum  of 
money  ? 

2.  How  much  of  such  given  sum  of  money  can  be  devoted  to 
the  purchase  of  food  ? 

3.  How  much  force  or  energy  does  such  a  supply  of  food  rep- 
resent? 

The  underfed  cannot  compete  with  the  well  nourished. 

So  far  as  the  food  problem  yet  affects  this  country,  the  only  ser- 
vice which  science  can  render  is  to  show  what  choice  should  be 
made  as  to  the  kind  of  food  to  be  purchased,  and  how  it  should  be 
prepared. 

In  Germany,  and  in  many  other  European  states,  it  has  be- 
come necessary  to  teach  the  people  how  to  get  the  utmost  out  of 
an  insufficient  supply.  For  this  reason,  a  great  deal  of  scientific 
work  has  been  done  in  Germany,  in  a  direction  upon  which  we 
have  only  begun,  and  the  dietary  which  has  been  prepared  by  Dr. 
Meinert  may  possess  great  interest  in  comparison  with*  both  the 
practice  of  this  country,  and  the  theory  which  is  presented  in  the 
table  of  standard  rations  given  herewith. 

The  main  point  of  interest  is  the  very  limited  variety  of  food, 
and  the  somewhat  meagre,even  if  theoretically  sufficient,  diet  which 
can  be  had  in  Germany  at  a  cost  of  18}  cents  per  day. 

For  the  preparation  of  translation  of  the  German  dietary  as  well 
as  for  all  the  other  tables  hereto  appended,  I  am  indebted  to  Prof. 
Wm.  O.  Atwater  of  Middletown,  Conn. 

I  entered  upon  this  statistical  inquiry  without  any  full  compre- 
hension of  the  vast  importance  of  the  subject.  Many  of  the  prop- 
ositions, which  have  been  generally  accepted  by  economists,  such 
as  the  law  of  population  propounded  by  Malthus,  the  theory  of 
rent  of  Ricardo,  and  the  so-called  law  of  diminishing  returns  from 
land,  have  never  seemed  to  me  to  have  any  true  foundation,  either 
in  reason  or  in  history,  and  it  was  mainly  for  the  purpose  of  es- 
tablishing a  statistical  refutation  of  these  hypotheses  that  I  began 
to  consider  the  food  question. 

Upon  examining  such  books  as  were  within  my  reach,  I  found 
the  statistics  of  rations  almost  wholly  wanting,  except  the  data 
taken  from  charitable  institutions.  On  consulting  the  physiolo- 
gists and  biologists,  I  found  that  the  cooperation  of  the  statisti- 
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cian  was  urgently  Deeded   by  thera  in  the  solution  of  the  food 
problem  as  it  is  presented  to  them. 

ARer  consulting  with  Col.  Carroll  D.  Wright,  Chief  of  the  Na- 
tional  Bureau  of  the  Statistics  of  Labor,  and  presenting  the  sub- 
ject for  the  consideration  of  the  Chiefs  of  tlie  Labor  Bureau  of 
the  several  states,  the  following  blank  was  prepared. 


TOE   DAILY  RATION  OF    FOOD   OF  WORKING  PEOTLR   IN  THE 
DIFFERENT  SECTIONS   OF   THE   COCJNTUT. 

1.  Of  what  does  this  ration  now  consist  and  what  does  it  cosl? 

CBNT8. 


A.   Meat  and  Fish. 

Quantity, 

prlee, 

eoat, 

B.    Milk. 

M 

(« 

II 

Butter. 

•4 

II 

II 

Cheese. 

M 

«< 

11 

Egga. 

M 

M 

II 

• 

Total  Anfmai  Food. 

0.    Bread:  Wheat, 

QnantiCj, 

price, 

ooat, 

Coi-n  or  Rye. 

i< 

44 

II 

D.    VcgctAbles. 

u 

I* 

II 

E.    Sugar. 

c« 

il 

M 

Blolassea  or  Synip. 

I* 

M 

M 

F.   Ten. 

M 

M 

M 

Coffee. 

M 

U 

a 

O.    Fruit,  green, 

M 

U 

M 

dry. 

M 

M 

M 

H.    Salt,  Spice,  Ice. 

.! 

Pickles  and  Sundriea. 

M 

M 

M 

ToUOm, 


2.  What  proportion  does  the  average  cost  of  food  bear  to  the 
total  cost  of  living? 

As  I  have  before  stated,  a  similar  inquiry  is  now  being  made  by 
the  Consuhir  Bureau,  ami  it  is  possible  that  before  the  report  of 
this  meeting  is  finally  published,  the  data  included  will  constitute 
something  more  than  a  beginning  of  the  science  of  the  consumption 
of  foo<l. 

I  trust  that  you  will  be  so  impressed  with  the  importance  of 
this  subject,  that  you  will  excuse  me  for  the  weary  length  of  this 
address. 
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I  am  requested  by  Prof.  Atwater  before  presenting  even  a  di- 
gest of  the  material  which  he  has  placed  in  my  hands  subject  to 
my  use,  to  state,  that  his  numerous  engagements  since  I  made  the 
request  for  this  treatise  have  prevented  his  doing  anything  more 
than  to  dictate  a  partial  answer  to  my  questions,  and  there  has 
been  no  time  to  consider  the  form  or  to  revise  the  substance  of 
what  he  has  given  me.  It  is  of  the  utmost  value,  and  I  trust  that 
it  will  all  appear,  perhaps  in  connection  with  his  address  latel3^ 
made  to  the  Chiefs  of  the  Bureaus  of  Labor  Statistics  of  the 
United  States. 

The  following  pages  contain  onlj'  a  portion  of  the  extremely 
valuable  information  supplied  by  Prof.  W.  O.  Atwater  upon  the 
subject  of  A  Standard  Ration. 

DATA  PREPARED  BY  PROF.  W.  O.  ATWATER. 

In  answer  to  the  question  ^^What  should  be  the  standard  or  daily 
ration?*'  it  may  be  said  that  the  ordinarily  accepted  standards  are 
estimated  in  terms  of  the  three  most  important  classes  of  the  nn* 
tritive  ingredients,  or  nutrients  of  food  :  (1)  protein,  oi*  albumin- 
oids;  (2)  fats;  (3)  carbo-hydrates. 

Our  best  information  upon  this  subject  comes  from  Germany, 
■accurate  experiments  having  been  made  by  Liebig,  Moleschott, 
Pettenkofer,  Voit  and  others.  Payen  in  France ;  Frankland,  Play- 
fair,  Lawes  and  Gilbert,  in  England,  have  also  made  most  valuable 
contributions  to  the  knowledge  upon  this  subject. 

I  cannot  forbear  noting  the  fact,  however,  that  very  little  atten- 
tion appears  to  have  been  paid  to  the  results  of  these  experiments 
on  this  side  of  the  Atlantic,  or,  for  that  matter,  in  England  :  even 
in  some  of  the  best  text-books  in  chemistry  and  ph3*siology,  those 
which  are  looked  upon  as  most  authoritative  are  too  apt  to  pass 
the  subject  over  most  superficially,  or  almost  to  ignore  it. 

The  standard  rations  assumed  by  Prof.  Voit  of  Munich  are  more 
commonly  accepted  than  any  others,  and  are  most  frequently 
quoted  and  followed  in  estimating  dietaries. 

The  following  are  standards  adopted  by  the  Munich  school  of 
physiological  chemists  who  follow  Voit. 
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STANDARD  RATIONS. 


PROTEIN. 

FATS. 

OABBOHYDRATBS. 

grammes 

grammes 

grammes 

Children  to  1|  years. 

20-36 

80-45 

60-00 

<*       f^om  6  to  15  years. 

70-dO 

87-^ 

250-400 

Laboring  man  at  moderate  work. 

lis 

56 

500 

•«           «     <*  severe         " 

145 

100 

450 

Laboring  woman. 

02 

44 

400 

Aged  man. 

100 

68 

850 

Aged  woman. 

80 

60 

260 

We  are  of  course  to  understand  that  these  figures  represent  only 
general  averages.  It  is  assumed  that  for  an  ordinary  laboring 
man  doing  an  ordinary  amount  of  woik,  the  amounts  of  nutrients 
above  given  will  suffice,  and  that  with  tliem  he  will  hold  his  own  ; 
that  with  much  less  he  will  lose  flesh  and  fat,  and  grow  weak  ;  and 
that  any  considerable  excess  above  these  quantities  will  be  super- 
fluous. But  of  course  no  one  expects  any  given  man  to  adjust  his 
diet  exactly  to  this  standard ;  he  may  need  more,  and  may  per- 
haps get  on  with  less.  He  may  eat  more  fats  and  less  carbohy- 
drates, and  more  protein,  if  he  is  willing  to  pay  for  it.  If,  however, 
he  cats  much  less  protein,  and  keeps  up  his  muscular  exertion, 
he  will,  in  Prof.  Volt's  opinion,  be  apt,  sooner  or  later,  to  suffer. 

Protein  is  the  costliest  of  the  food  ingi'cdients,  and  hence  the 
one  which,  from  the  pecuniary  standpoint  most  needs  to  be  econ- 
omized ;  and  since,  furthermoi-e,  its  work  of  building  up  muscles, 
tendons  and  the  like,  cannot  be  done  by  either  of  the  other  classes 
of  nutrients,  since,  in  other  words,  it  is  very  expensive, — one  of 
the  first  questions  in  constructing  an  economical  ration  is,  "What 
is  the  least  amount  of  protein  that  will  suffice?"  This  question 
cannot  be  answered  exactly  until  we  know  more  than  we  now  do 
about  the  demands  of  different  organisms  under  different  condi- 
tions.    The  subject  needs  more  thorough  and  experimental  study. 

To  resume  briefly.  In  computing  standard  rations  to  supply 
sufficient  food  at  the  minimum  cost,  we  have  to  learn. 

Ist. — What  is  the  minimum  quantity  of  the  most  costly  ingre- 
dient, viz.,  protein? 

2d. — What  proportion  of  nutrients  are  contained  in  the  food 
materials  we  are  to  use  ? 
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The  flavor  of  the  food  and  the  special  fitness  of  the  different 
kinds  must  of  course  be  considered.  We  are  as  yet  only  on  the 
threshold  of  our  knowledge  of  these  matters.  I  ought  not  to  dis- 
miss this  subject  without  adding  a  word  upon  the  digestibility  of 
foods,  and  the  quantities  needed.  Many  experiments  jiave  been 
made  to  determine  the  proportions  of  the  different  nutrients  that 
are  actually  digested  by  a  healthy  man.  Meats  and  fish  are  more 
completely  digested  than  vegetable  foods.  99  per  cent  has  been 
found  to  be  digested  by  a  healthy  man,  only  one  or  two  per  cent 
being  wasted,  while,  of  course,  of  bread  one-fourth  or  one-third 
might  pass  through  the  alimentaiy  canal  undigested. 

But  lack  of  complete  data  as  well  as  of  time  for  discussion  pre- 
cludes further  reference  to  the  matter. 

EXAHPLBS   OF  GERMAN  RATIONS,  CORRESPONDING  TO 
THIS   STANDARD,  AND  THEIR   PRICE. 

Of  late  a  great  deal  of  attention  has  been  paid,  in  Germany,  to 
this  particular  subject  of  the  food  of  the  people,  and  the  best 
ways  to  economize  it.  I  noticed  a  statement  in  a  scientific  jour- 
nal, a  few  da^'s  ago,  that  Bismark  had  engaged  Professor  Konig 
to  prepare  a  series  of  schedules  of  rations  for  ordinary  German 
laboring  people,  which,  I  suppose,  actually  means  that  one  of  the 
departments  of  the  Prussian  government  has  engaged  Professor 
Konig,  who  is  one  of  the  principal  authorities  in  this  line,  to 
carry  out  this  enterprise.  Numerous  attempts  have  already  been 
made  in  this  same  direction.  I  have  before  me,  for  instance,  a 
little  brochure,  of  about  one  hundred  pages  by  Dr.  Meinert,  en- 
titled "  Wie  ndhrt  man  sich  gut  und  hilligf"  ''How  can  one  feed 
himself  well  and  economically."  That  this  is  regarded  as  trust- 
worthy is  evinced  by  the  fact  that  it  was  honored  with  a  prize,  of- 
fered by  an  association  and  awarded  by  a  committee  consisting  of 
Professors  Voit,  Foster,  and  Beneke,  three  of  the  best  known 
German  authorities  in  this  specialty.  It  tells  in  plain  language 
about  foods,  their  constituents,  the  proportions  of  the  several  nu- 
trients in  various  foods,  the  relative  cheapness  and  dearness  of 
different  food  materials  as  shown  by  the  comparison  of  their  com- 
position with  their  price,  and  with  the  rest  gives  schedules  of  daily 
rations  for  families.  There  are  three  of  these  schedules,  the  first 
intended  for  a  family  with  an  annual  income  of  800  marks, 
$200.00,  of  which  it  is  assumed  that  60  per  cent  will  be  expended 
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for  food.  The  second  is  for  a  famil}''  with  an  income  of  1100  marks, 
or  8275.00,  and  the  third  for  one  of  1500  marks,  or  $375.00  per 
annum.  The  outlay  for  the  food  of  each  of  the  last  two  is  to  be 
about  53  percent  of  the  income.  As  the  largest  of  the  three  in- 
comes would  be  counted  very  small  with  us,  I  have  selected  the 
schedule  corresponding  to  it  rather  than  either  of  the  others,  for 
the  translation  which  I  have  caused  to  be  made  and  included  here- 
with. 

Dietary  for  a  family  for  two  weeks. 

The  following  dietary  is  calculated  for  a  family  consisting  of 
father,  mother   and  two  children  of  ten  and  twelve   years  of  age. 

The  annual  income  for  the  support  of  the  family  is  taken  at  1500 
marks  or  $375,  of  which  53  per  cent,  800  marks,  per  year,  or  $200 
which  would  allow  220  pfennigs  or  fifty-five  cents  per  day,  is  to  be 
spent  for  food.  It  is  assumed  that  the  mother  and  two  children 
will  require  as  much  nutritive  material  in  their  food  as  two  labor- 
ing men,  so  that  the  family  of  four  persons  will  be  equal  in  their 
demand  to  three  laboring  men.  Dr.  Meinert  further  assumes  that 
to  earn  so  large  a  sum  as  1500  marks  per  year,  more  than  ordinarily 
hard  work  will  be  required  ;  and  hence,  following  Professor  Volt's 
figures  for  rations,  he  provided  for  a  ration  with  nutrients  a  little 
in  excess  of  the  standard  for  a  laboring  man  at  moderate  work. 
Professor  Volt's  standards  for  an  ordinary  laboring  man  doing 
moderately  hard  work,  and  for  the  same  man  at  severe  work,  are 
stated  below  and  with  them  Dr.  Meinert's  standard  for  the  family 
in  question. 

NUTRIENTS  IN  DAILY  RATION. 


Nutrients. 


PBOF.  VOIT'S  STANDARDS. 


For  laboring  man  at 
moderate  work. 


For  laboring 

man  at  severe 

worlc. 


Dr.  Meinert's 

standard  for  family 

with  1500  marks 

per  year. 


Protein. 

Fats. 

Carbohy- 
drates. 


118  grams       (0.26  lb.) 
66    "  (0.121b.) 


600 


II 


(1.10  lbs.) 


145  grams. 
100     •' 


460 


M 


120  grams. 
70       " 


500 


(( 


As  the  family  are  accounted  equivalent  to  three  ''laboring  men" 
the  220  pfennigs  allowed  for  food  per  day  must  pay  for  three  ra- 
tions which  gives  73.3  pfennigs  per  ration.     The  problem  then  is 
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to  draw  up  a  bill  of  fare  for  each  day,  which  shall  furnish  a  miu- 
inium  of  120  grams  or  0.27  lbs.  of  protein,  70  grams  or  0.15  lbs. 
of  fats,  and  500  grams  or  1.10  lbs.  of  carbohydrates  for  73.3 
pfennigs  or  18^  cents  per  day,  in  food  materials  such  as  a  German 
laborer  may  properly  use  and  at  such  prices  as  he  must  ^siy  for 
them. 

In  accordance  with  German  usage  provision  is  to  be  made  for 
breakfast,  dinner  at  midday,  lunch  (Vesperbrot)  in  the  afteruoon 
and  supper  (A.bendessen).  The  following  is  Dr.  Meinert's  out- 
line of  the  bill  of  fare  for  two  weeks. 

BIIX  OF  FARE  FOR  FOURTEEN  DATS. 


DAY. 


1st 

sa 

4th 
6th 

6Ul 

7th 

8th 
9th 

10th 
11th 
12th 
13th 

14th 


BBEAXFAST. 


Coffee,  milk, 
rolls,  black 
bread,  butter. 


ti 


ii 


»4 


«1 


« 


U 


tl 


(t 


t( 


«< 


II 


II 


II 


PINKER. 


Freah  haddock  with 
luustArd  sauce  aud 
potatoes. 

Beef  stew  with  Kohl- 
rabi aud  potatoes. 

Sausage  with 

and  beer. 


Mutton  and  beans. 


LUKCH. 


Coffee  and  milk. 
Bread  and   bu^ 
ter. 


i< 


beer. 


with  bacon  and 


Dried  codfish  with 
sauerkraut,  pease 
aud  beer. 

Hashefl  meats  with  po< 
tato  boup. 

Sausage     {Bludwuriti 
with  lentils 
aud  beer. 


Liver     with 
salad. 


potato 


Beef8te:ik    with    cab- 
bage and  pokitoes. 

Herring,  potatoes  and 
beer. 

Pork  with  cabbage  and 
potatoes. 

Liver  with  spinach,  po- 
tatoes aud  beer. 


ii 


u 


tl 


(I 


It 


l( 


41 


II 


l« 


II 


SUPPER. 


Meat  and 
table  soup 


Cheese  and  beer. 
Onion  soup. 

Potato  soup. 
Pea  soup. 


Herring        and 
beer. 


Battermilk  soup. 


Meat  and  vege- 
table soup. 

Potatoes  and 


Cheese  and  beer. 

Bread  and  milk 
soup. 

Ment  and  vege- 
table boop. 

Cheese  and  beer. 


Oatmeal  in  but- 
termilk. 
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The  details  of  the  daily  bills  of  fare  are*  given  by  Dr.  Meinert 
in  the  forms  translated  beyond.  The  quantities  are  given  in  the 
metric  weights  and  measures  current  in  Germany.  It  will  be 
remembered  that  the  kilogram  consists  of  1,000  grams  and  equals 
about  2.2  lbs. ;  that  the  gram  is  nearly  15.5  gi*ains,  and  roughly 
speaking,  450  grams  make  a  pound  and  28  grams  an  ounce.  The 
liter  is  1,000  cubic  centimeters,  a  little  over  a  quart ;  a  liter  of 
water  weighs  1  kilogram.  The  mark  consists  of  100  pfennigs 
and  is  worth  about  twenty-five  cents,  so  that  the  pfennig  is  one- 
quarter  of  a  cent.  Translating  these  into  our  own  weights  and 
measures  would,  I  think,  rather  detract  from  than  add  to  their 
clearness  and  value.  In  their  present  form  they  are  simple,  but 
would  by  recalculation  become  more  complex.  In  the  summary 
at  the  end  the  quantities  and  prices  are  given  in  American 
weights  and  money. 

In  translating  I  will  for  convenience  speak  of  the  first  and  sec- 
ond breakfast  together  as  breakfast.  The  midday  and  evening 
meals  we  will  call  dinner  and  supper  and  will  follow  Dr.  Meinert's 
example  in  including  the  afternoon  lunch  with  breakfast. 

In  this  dietary  Dr.  Meinert  gives  first^  a  general  schedule  for 
breakfast  and  lunch,  which  (or  its  equivalent)  is  to  serve  for  each 
of  the  fourteen  days.  The  schedule  for  dinner  and  supper  for 
each  several  day  is  given  by  itself.  It  is  assumed  that  the  mate- 
rial left  over  at  one  time  will  serve  for  another,  and  that  thus  the 
evening  meals  may  be  filled  out  from  what  is  left  at  breakfast  or 
dinner. 
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8BCTI0N  I* 


BBEAKFASTAND  LUNCH. 


AMOUNT 

IN 
ORAM8. 

Price 
i)er 

kilo  or 

liter  ill 

pi'ennigb. 

Price  of 

the 
amount 

iuUicuted 

in 
pfennigs. 

AMOUNT  or 

▲MOUNT  OF   FOOD 
ANDPBICX. 

Protein, 
grams. 

Fats, 
grams. 

Carbo-hy- 
drates, 
grams. 

4  Wheat  rolls. 

Bye  bread. 

Coffee  and  trimmings. 

l\  liters  skimmed  milk. 

Batter. 

Salt. 

2  liters  beer. 

290 

1500 

CO 

1250 

100 

73 

2000 

24 

8 

240 

20 

12 

12 
3G 

0 
10 
24 

1.6 
24 

15 

90 

6 

88 

10 

2 
9 
1 
6 
96 

148 

750 

28 

60 

IGO 

Per  head  and  day. 
There  remains  for  din- 
ner and  supper. 

11G.5 
38.8 

84.5 

158 
53 

C7 

110 
39 

31 

1136 
879 

121 

Total  per  head  per  day 

7:1.3 

120 

70 

600 

It  will  be  observed  that  the  cost  of  each  material  is  stated,  with 
the  amounts  of  nutrients  it  contains.  By  ''per  head"  is  under- 
stood for  one  laboring  roan.  It  will  be  remembered  that  the 
mother  and  two  children  were  assumed  to  require  as  much  as  two 


laboring  men. 
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Here  follow  details  of  dinner  and  supper,  and  summary  for  each 
of  the  14  days. 

BILL  OF  FARE  FOR  DINXER  AND  SUPPER  FOR  FOURTEEN  DATS. 


Amount 

Prire 
per 
kilo  or 

Price 

of  tlio 
amount 

inUt- 
cntcdin 

pfen- 
nigs. 

AMOUNT  OF 

AMOUNT  OF  FOOD 

in  grams. 

liter  in 
pfen- 

UigD. 

Protein 
grams. 

Fate 
grams. 

Carbo- 
liy- 
d rates 
grams. 

Fresh  haddock. 

6O0 

80 

40 

00 

6 

8 

FIRST  DAT. 

Mustard. 

125 

80 

10 

83 

42 

81 

Dinner  .—Cod 
flHiiwiih  mufi- 

Flour. 

60 

40 

2 

6 

— 

86 

turd  snncc  and 
potatoes. 

Fat  (lard,  butter) 

GO 

130 

6 

— 

67 

— 

Supper.— Me.nt 
and  vegetable 

Potatoes. 

STiOO 

7 

17.5 

60 

8 

600 

soup. 

«'Flei8cbgemtt8e"i 

125 

200 

25 

40 

22 

44 

102.5 

180 

129 

618 

Per  head. 

84.2 

C3 

48 

206 

For  breakfast. 

luucb,  etc. 

88.8 

63 

80 

879 

Total  per  head 
and  day. 

73.0 

116 

82 

666 

Beef. 

600 

120 

00 

80 

40 

— 

8EC05D  DAT. 

Fat  (lard,  butter, 

Dmner.— 

etc.) 

100 

130 

13 

— 

96 

— 

Kohlrabi. 

1000 

15 

15 

27 

2 

80 

Potatoes. 

1500 

7 

10.5 

30 

8 

800 

Supper.— 

Skim-milk  cheese 

800 

60 

15 

120 

21 

^ 

Cheese  and 
beer. 

113.6 

257 

101 

886 

Per  head. 

87.8 

80 

64 

129 

For  breakfast 

luuch,  etc. 

88.8 

63 

89 

879 

ToLil  per  head 
and  day. 

76.6 

139 

93 

606 

1  'Tlelschgemfise,**  soup  made  fh>m  a  mixture  of  preserved  South  American  meat 
and  vegetables  especially  recommended  by  Dr.  Meinert. 
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SEcrioir  I. 


Amount 
in  grams. 

Price 
per 
kilo  or 
liter  in 
pfen- 
nigs. 

Price 
of  the 
amount 
indi. 
catud  in 
pfen- 
nigs. 

Amount  of 

Amount  or  food. 

Protein 
grams. 

FaU. 
grams. 

Carbo- 
hy- 
drates, 
grams. 

Millet. 
Skimmed  milk. 

600 
1500 

40 
8 

20 
12 

56 
45 

17 

7 

200 
CD 

THIRD  DAT-. 

Dinner^ — 

Sausage. 

800 

180 

64 

68 

83 

21 

Onions. 

ISO 

10 

1.5 

4 

— 

12 

Fat. 
Flour. 

00 
160 

130 

40 

6.5 
6.0 

17 

47 
2 

106 

Snpper. — 
Onion  soup. 

100.0 

191 

106 

488 

Per  head. 

33.3 

64 

85 

1G3 

For  breakfast, 
lunch,  etc. 

88.8 

63 

89 

879 

Total  per  head 
and  day. 

72.1 

117 

74 

642 

Mutton. 
Beans. 

600 
600 

120 
40 

GO 
20 

75 
ICO 

60 
10 

250 

fourth  DAT. 

Dinner.— 

Mutton  and 

beans. 

Fat. 

100 

130 

13 

— 

96 

— 

Potatoes. 

80C0 

7 

14 

40 

2 

400 

Supper.^ 
Potato  soup. 

107 

245 

157 

650 

Per  head. 

85.0 

82 

62 

216 

For  breakfast, 
lunch,  etc. 

88.8 

63 

89 

379 

Total  per  head 
and  day. 

74.4 

l:» 

01 

695 

*'Fleischgraupen>' 

450 

150 

G8 

ICO 

10 

300 

FIFTH  DAT. 

Diuuer.— 

Bacon. 

125 

IGO 

20 

3 

98 

— 

Peaso. 

SOO 

50 

15 

67 

6 

150 

• 

Lard. 
Spices. 

40 

170 

7 
S 

— 

37 

— 

Supper.— 
Pea  soup. 

112 

170 

151 

450 

Per  head. 

87.8 

67 

60 

150 

For  breakfast, 
lunch,  etc. 

88.8 

63 

89 

379 

Total  per  head 
and  day. 

76.1 

110 

80 

529 
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Amount 
in  grams. 

Price 
per 
kilo  or 
liter 
in 
pfen- 
nigs. 

Price 

of  the 

amount 

indi- 
cated in 
pfen- 
nigs. 

AMOUNT  OF 

A3IOUNT  OF  FOOD. 

Protein 
grams. 

Fats, 
grams. 

Carbo- 

hy. 
drates. 
grams. 

Wheat  flour. 
Potatoes. 

000 
IfiOO 

45 

7 

87 
10.6 

66 
80 

6 
1.6 

438 
800 

8TXTR  DA.T. 
Dinner.— 
Dumplings 
with  f^it. 

Wheat  rolls. 

72 

— 

8 

4 

— 

86 

Fat. 

100 

130 

13 

— 

96 

— 

Fruit. 

860 

80 

20 

8 

2.6 

113 

Sugar. 
Herriogs. 

80 
800 

100 
7 

8 
81 

62 

82 

87 
6 

Supper.  ~  Her* 
nng      and 
l>eer. 

07.6 

IGO 

187.0 

018 

Per  head. 

82.6 

63 

46 

806 

For  breakfast, 
lunch,  etc. 

• 

88.8 

63 

89 

879 

Total  per  bead  and 
day. 

71.3 

106 

86 

086 

Dried  codfish. 
Sauerkraut. 
Pease. 
Fat. 

850 

1000 

800 

100 

140 
18 
50 

130 

86 
18 
16 
13 

108 
10 
67 

8 

a 

8 
96 

46 
150 

SEVEirrH  DAT. 

Dinner.— Dried 
codfish,  with 
8  a  u  erkraut, 
pease  and 
beer. 

Buttermilk,    2   li- 
ters. 

8000 

6 

18 

61 

16 

16 

Supper.  —  But- 
ter milk  soup. 

93 

826 

118 

811 

Per  head. 

81 

109 

89 

70 

For  breakfast, 
lunch,  etc 

88.8 

68 

89 

879 

Totnl  per  head  and 
day. 

08.8 

162 

78 

440 
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6ECTI0N  I. 


AMOUKT  or  FOOD. 


Araoiint 
in  grams. 


Price 

Iter 
o   or 
liter  in 
pfon- 
nl^a. 


Price 
of  the 
amount 
indica- 
ted in 
pfen- 
nigs. 


AMOUNT  or 


Protein 
grams. 


Fats 


^nims. 


Carbo 

hy. 
dra'tes. 
griims. 


Deef. 

Pork. 

Mntton. 

Fat. 

Spices  and  vegeta- 
Liles. 

Potatoes. 

"  Fleischgemttse." 


Per  head. 

For  b  r  e  a  k  f  a  8 1, 
lunch,  etc. 

Total  per  head  and 
day. 


aoo 

100 

125 

60 

40 

8000 

125 


120 
130 
130 


8  —  — 


7 
200 


24 

33 

16 

— 

13 

14 

10 

— 

15 

20 

8 

— 

8 

— 

56 

— 

21 

60 

8 

600 

25 

40 

22 

46 

106 

106 

115 

646 

86.3 

55 

88 

215 

88.5 

53 

89 

879 

74.1 

108 

77 

594 

Sausage. 

Lentils. 

Vinegar. 

Curd. 
I'otatoes. 


Per  head. 

For  In-enkfast, 
lunch,  etc. 


Total  per  head 
and  day. 


300 
600 

250 
2500 


160 

48 

85 

50 

25 
3 

125 

40 

10 

43 

7 

17.5 

50 

103.5 

25:i 

34.5 

84 

88.8 

53 

73.3 

137 

84 

10 

8 
8 


55 


18 


89 


57 


78 
250 

7 
500 


835 


278 


879 


657 


XTGHTB    DAT. 

D  i  n  11  e  r. — 

Hai^bed  meats 

vsith 

soup. 


Sopper. —  Ment 
and 
tie  soap. 


NINTH  DAT- 
Dinner.— 
Sausage  and 
lentils. 


Supper.— Pota- 
toes and  curd. 
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Amount 
in  grams. 

Price 
per 
kilo  or 
liter  in 
pfen- 
nigs. 

Price 
of  the 
amount 
indi- 
cated in 
pfen- 
nigs. 

AMOUNT  OF 

AMOUNT  OF  FOOD 

Protein 
grams. 

Fats, 
grams. 

Carbo- 
hy- 
drates 
grams. 

Liver  and  lungs. 
Lard. 
Wheat  roUa. 

600 

40 

156 

80 
1.70 

40 

G.8 

G 

97 
6 

27 
30 
1.5 

10 

78 

TENTH  DAT. 

Dinner.— IJver 

with  potato 

salad. 

Flour. 

40 

40 

l.G 

4 

0.6 

28 

Onions. 

60 

10 

.5 

1 

— 

4 

Pepper  and  vegetn- 
bies. 

GO 

.. 

1.0 

^ 

— 

^ 

Potatoes. 

2500 

7 

17.5 

60 

2.6 

600 

Vinegar  and  oil. 

— 

— 

6 

— 

— 

— 

Cheese. 

800 

60 

15 

120 

21 

— 

Supper.— 

Cheese  and 

beer. 

94.0 

278 

88.6 

620 

Per  head. 

31.3 

03 

29 

207 

For  breakfast, 
lunuQ,  etc. 

38.8 

63 

89 

3?J 

Total  per  head 
and  day. 

70.1 

14G 

68 

686 

Beefsteak. 

Lard. 

Red  cabbage. 

400 

GO 

lOCO 

100 

170 

15 

G4 
10 
15 

88 
18 

20 

57 

2 

70 

ELEVENTH 
DAY. 

Dinner.— Beef- 
steak With  cab- 
bage and  pota- 
toes. 

Pobitoes. 

1509 

7 

10.5 

30 

1 

800 

Bread. 
Skimmed  milk. 

300 
1500 

24 
8 

7 
13 

18 
45 

3 

7 

150 
60 

Supper.— 

Bread  and  milk 

soup. 

118.5 

199 

90 

680 

Per  head. 

89.6 

G3 

30 

193 

For  breakfast, 
lunch,  etc. 

3S.8 

63 

39 

879 

Total  per  head 
and  day 

78.8 

116 

09 

673 
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SECTION   I. 


Amonnt 
in  grams. 

Price 

per 

kilo  or 

liter  in 

pren- 

uigs. 

Price 

of  the 

amount 

indi- 
cated in 
pfun> 
ulgs. 

▲MOUNT  OF 

AHOUirr  OF  FOOD. 

Protein 
grams. 

Fats, 
grams. 

Carbo- 

hy. 
d  rates, 
grams. 

Tlirce  herrings. 

Potatoes. 

Skimmed  milk. 

Flour. 

Onions. 

Lard. 

Spices. 

'*FleIschgemllse.** 

260 

8000 

1000 

50 

60 

60 

135 

1 
7« 

7 

8 

40 

10 

170 

200 

21 
21 

8 

2 

0.5 
8.6 
1.6 

25 

62 

00 

80 

6 

1 

iO 

82 
3 
4 

0.5 
0.6 
47 

23 

6 

600 

40 

85 

3 

46 

TWELFIH 
DAY. 

Dinner.  —  Ilcr- 
ring  and  po- 
tatoes, beer. 

Snpper.—  Hent 
and  vegetable 
soup. 

Per  head. 

For  breakfast, 
lunch)  etc. 

87.5 

29.2 
S8.8 

188 
G3 
63 

109.0 
86 
89 

729 
243 
379 

% 

Total  per  head 
and  daj. 

GS.O 

116 

75 

622 

Pork. 
Cabbage. 
Potatoes. 
Lard. 

Cheese. 

600 

1000 

2000 

60 

800 

130 

10 

7 

170 

60 

G5 
10 
U 
8.5 

15 

07 
20 
40 

120 

60 

1 

2 

47 

21 

66 
400 

THIKTEENTH 
DAY. 

Dinner.—  Pork 
wilh        will  to 
ciiiibAge    ana 
potuioes. 

Snpper.— 
Cheese  and 
beer. 

Per  head. 

For  breakfiAst, 
lunch,  etc. 

112.5 
87.5 
88.8 

247 
82 
63 

131 
44 
89 

466 
156 
879 

Total  per  head 
and  day. 

76.3 

135 

83 

634 

*  At  7  pfennigs  each. 
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AMOI7NT  OF  FOOD 


LJver. 
Spinach. 
Potatoes. 
Fat. 

Oatmeal. 
Buttermilk. 


Per  head. 

For  breakfast, 
lunch,  etc. 

Total  nor  head 
auu  day. 


Amount 
in  grams. 


500 

1000 

2000 

80 

150 
1000 


Price 
per 
kilo  or 
liter  in 
pfen- 
nigs. 


100 

15 

7 

130 

GO 
C 


Price 
of  the 
amount 
indi- 
catcd  in 
pfen- 
nigs. 


AMOUNT  or 


50 
15 
14 
10 

0 
G 


104 


85 


38.8 


73.8 


Protein 
grams. 


Fats, 
grams. 


Carbo- 
hy- 
drates 
grams. 


175 

15 

— 

20 

o 

CO 

40 

• 

2 

400 

— 

75 

— 

23 

0 

08 

34 

10 

10 

202 

US 

666 

87 

88 

189 

53 

89 

879 

150 

77 

668 

FOUKTEENTH 
DAT. 

Dinner.— Liver 
with  vegetables 
and  potatoes y 
beer. 


Snpper.—  Oat- 
meal in  butter 
milk. 


Rations  op  common  food  materials  estvmated  to  contain  the 

amounts   of  nutritive   ingredients  in  the 

standard  ration,  with  cost  of  each. 

The  following  rations  have  been  calculated  by  my  assistant,  Mr. 
Rockwood,  mostly  from  results  of  analysis  made  in  our  labor- 
atory in  behalf  of  the  Smithsonian  Institution  (U.  S.  National  Mu- 
seum) as  a  basis  for  its  explanation  of  its  food  collection.  No 
other  considerable  series  of  analysis  of  American  food  materials 
has,  so  far  as  I  am  aware,  been  executed,  hence,  though  the  data 
are  meagre  they  arc  the  best  available ;  the}'  are  probably  not  far 
out  of  the  way.  Mr  Rockwood  has  endeavored  to  construct  one 
series  of  rations  at  a  ver}'  low  cost,  eleven  or  twelve  cents  a  day 
or  thereabouts,  and  another  scries  at  liighcr  rates,  up  to  forty-five 
cents  a  day.  Of  course  it  is  not  proposed  that  an}'  person  or  fam- 
ily should  attempt  to  follow  these  exactly.  For  that  matter  the 
chemist  will  evidently  have  to  consult  the  cook  if  be  proposes  to 
construct  rations  to  accord  with  ordinary  tastes.  The  rations 
will,  nevertheless,  help  to  show  how  foods  may  be  economized, 
and  what  proportions  would  suffice  for  the  nourishment  of  ordi- 
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SECTION  I, 


nary  people,  and  what  are  the  constituentH  and  costs  of  the  differ- 
ent materials. 

DAILr    RATIONS    OOHPITTED    TO   7tTR!a8H    NT7TRIENTS    EQUITALBNT   TO   TH08K     OF 
STANDARD  FOR  LABORXKO  HAN  AT  MODERATE  WORK. 

Standard  Ration :— Protein  (118 grams)  0.26  lb.;  fats  (56  grains)  0.12  lbs.;  carbohydrates 
(500  grams)  1.10  lbs. 

A,    Daily  Jiatioru  cotting  12  cents  or  leu. 


Food  materials. 


Kinds. 


No.l. 

Beef,  neck, 

Bean«, 

Potatoes, 

OiUmeal, 

Butter, 

Kyo  flour, 


Total, 


Ko.2. 

Beef,  shin, 
Oatmcnl, 
Corn  meal, 
Millc.  i  pt.. 
Potatoes, 
Butter, 


Total, 


No.S. 

Herring, 
Oatmeal, 
Pn  til  toe*. 
Wheat  flour. 
Butter, 

Total, 


No.  4. 

Beef,  shin. 

Potatoes, 
Wheat  flour, 
Bt^nup, 
Butter, 
Sugar, 

Total, 


No.  ff. 

Alewives, 
Potatoes, 
Corn  moal. 
Wheat  flour. 
Butter, 

Total, 


Amounts. 


I 


i 

2 


lb. 
t( 

t{ 

oz. 
lb. 


k    lb. 


t. 


1 
1 


(« 
•• 

lb. 
oz. 


1      » 

1       " 

M6" 


8 


4 


lb. 

! " 

i-ir/* 
1  i  oz. 


1 
2 


lb. 

I  :: 

1-16  " 


Costs. 


4  cts. 

Ij" 

1|   " 
1U| 


3  cts. 
24    " 

I    *• 

2     " 

f    1      *' 

2 


II 


Hi  •* 


3  cts. 

U  '• 
1    '• 

4  " 
2     " 

hT" 


3  cts. 
8     '' 

2     " 

I     • 

2      ♦• 

1     " 


llj 


It 


8 

cts. 

2 

4t 

n 

(( 

2 

l( 

2 

<4 

104  " 


Food  materials. 


Kinds. 


No.  6. 

Smoked  herring. 
Potatoes, 
Beans, 
Wheat  flour. 
Butter, 

Total, 


No.  7. 

Beef,  neck, 
Beef,  shin, 
Ale  wives, 
Beans, 
Milk.  Ipt., 
Rye  flour, 
v\  heat  flour. 
Oatmeal, 
Corn  meal. 
Potatoes, 
Butter, 

Total,  for  3  men, 
♦•       «» 1  man. 


No.  8. 

Beef,  neck, 

Ueef,  ehin, 

Itye  flour, 

SuRar, 

Oatmeal, 

Herring, 

Beans, 

Wheat  flour, 

Potatoes, 

Butter, 

Total,  fori  men, 
*<       "  1  man. 


Amounts. 


1 
116" 


lb. 
II 

It 


I 
«i 

1 
1 
k 

i( 


1 
6 
2}     oz 


I 


10 
3| 


lb. 

K 
l< 
<• 
II 
it 
l( 
(I 
11 
U 


II 

If         CI 


lb. 
II 


oz. 

lb. 
II 

oz. 

lb. 
11 

OS. 


Costs. 


3 

cts. 

1 

»« 

1| 

(« 

4 

l« 

2 

<« 

114 


i« 


it 
II 

4< 
II 

II 
l< 
It 
11 

I. 


4  cts. 
8     •♦ 
3 

2* 

u 

2 

I* 

6 
64 

83i   " 
11 


4  cts. 

8     '* 

II 

II 
It 
II 
II 
II 
i< 
II 


24 

6 

2| 

10 

7 


441 

111 


*i 
II 
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B.    Daily  ratioTU  costing  from  12  to  15  cents. 


Food-materials. 

Foedmateiinls. 

Kinds. 

Amounts. 

Costs. 

Kinds. 

Amounts. 

Costs. 

No.  9. 

No.  U. 

Liver, 

k    lb. 

6 

cts. 

Fi-esh  mackerel, 

1 

lb. 

^ 

cts. 

Potiitoes, 

1      " 

1 

tt 

potatoes, 

1 

.1 

1 

t. 

Butter, 

MG" 

2 

t< 

Crn«kcd  wheat, 

h 

II 

3 

II 

Corn  meal, 

1      " 

8 

(1 

Corn  meal, 

4. 

It 

'1 

11 

Bread, 

1    " 

3 

n 

Beans, 

k 

II 

t 

Butter, 

1 

oz. 

2 

1. 

Total, 

14 

.( 

Total, 

121 

.< 

No.  10. 

No.  15. 

Beef,  shin, 

\  '.^ 

8 

(i 

Bread, 

2i 

It 

Beef,  neck, 

i 

1* 

4 

cts. 

Potatoes, 

1     " 

1 

(( 

PotiltOCP, 

1 

If 

1 

tt 

Ontmeul, 

1    " 

H 

n 

Corn  meal. 

i 

k< 

u 

t( 

Com  meal, 

14 

<t 

live  bread, 

1 

It 

4 

tl 

Butter, 

1-1  G'» 

1 

f( 

Butter, 

1 

oz. 

2 

It 

Sngar, 
Milk, 

1-32" 

.* 

u 

tt 

Total, 

124 

ft 

Total, 

13^ 

1 1 

So.  16,  for  8  men. 

No.  11. 

Liver, 

h 

tt 

5 

tl 

Bcci;    shin  (soup), 

1. 

tt 

3 

tt 

Salt  cod, 

1    lb. 

H 

tt 

Saltcodiish, 

tl 

It 

31 

tl 

Oatmeal, 

«.     k( 

4 

«i 

S.ilt  i»ork, 

2 

oz. 

2 

tt 

Cornmeai, 

tt     t« 

1 

« 

Crackers  (pilot), 

1 

lb. 

54 

tt 

Milk, 

i(     (1 

2 

tl 

Pease, 

It 

8 

tt 

Butter, 

1  oz. 

2 

.i 

Snpar, 

: 

oz. 

k 

It 

Potatoes, 

9  lbs. 

2 

.i 

Milk, 

lb. 

2 

II 

Oatmeal, 
Potatoes, 

It 

11 

I' 

If 

Total, 

13 

tt 

2 

lbs. 

II 

Bread, 

1 

II 

G 

It 

Butter, 

2 

oz. 

4 

11 

No.  12. 

i    lb. 

2 

II 

Coi-nmeal, 
Total,  for  3  men, 

li 

lb. 

44 

11 

Pork, 

42 

II 

Beans, 

\     " 

n 

«( 

**       "  1  man, 

14 

II 

Salt  cod, 

li       41 

2 

(1 

Potatoes, 

n  lbs. 

u 

II 

Bread, 

u  - 

u 

(1 

No.  17,  for  4  men. 
Beef,  shin, 

J 

lb. 

8 

Total, 

12a 

tl 

fl 

Fre^4h  mackerel, 

It 

a 

•1 

Suit  cod. 

tl 

11 

II 

No.  13. 

Pork, 
Beans, 

2 
1 

oz. 
lb. 

2 

11 
tf 

Salt  codfish, 

1 1^ 

3i 

il 

Wheat  bread, 

1 

tl 

If 

Salt  pork. 
Crackers  (pilot), 

2 

tl 

Cracked  wheat, 

: 

t. 

3 

11 

1    " 

fi| 

II 

Cornmeai, 

1 

tt 

44 

If 

Pease, 

k  " 

8 

tt 

Oatmeal, 

tt 

4 

If 

Butter, 
Milk, 

3 

oz. 
lb. 

6 

4 

tf 

Total, 

14 

It 

If 

Potatoes, 

4 

t( 

1 

fl 

Sugar, 

Total,  for  4  men, 

* 

oz. 

ff 

621 

t. 

"       "  1  man. 

13 

ft 
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C.    DttUy  rtxtions  cotHng  yVvm  15  to  90  emit. 


Food-materials. 


Kinds. 


No.  18. 

Beef,  neck, 

Salt  cod, 

I*otnloei», 

Bread. 

Cabb:ige, 

Turnips, 

Oalmeal, 
Milk,  1  pt., 
Kice, 
SuRnr, 
Corn  meni, 
8oda  crackers, 
Butter, 


Total, 


No.  19. 

Round  steak, 

Milk, 

Butter, 

Cheese, 

Jirend, 

I'otatoes, 

Sugar, 

Turnips, 

Cornmeal, 


Total, 


No.  20. 

Beef,  shin, 
Frcbh  cod, 
Oatmcn], 
Bread, 
Butter, 
Pdtatocs, 
Bf>ston  crackers, 
Mi>k,  \''l  i)iut, 
Cornmeal, 


Total, 


No.  21. 

Beef,  neck, 

Milk, 

Cheese, 

Bread, 

Potatoes, 

Sugar, 


Total, 


Amonnts. 


\    lb. 


1 


k 


I.' 


2 

oz. 

(1 

ti 

(1 

•( 

ti 

i< 

1 

lb. 

2 

oz. 

»i 

it 

\ 

lb. 

1 

oz. 

i< 

it 

k 

lb. 

8 

c! 

•I 

2 

1 

oz. 

k( 

tt 

ti 

1 

it 

lb. 

n 

lbs. 

u 

li 

uz. 

1 

{ 

lb. 

k 

I 

(» 

1 

lb. 


«i 

if 


1  oz. 

1  lb. 

2  oz. 

I  lb. 

k.  ii 


\  lb. 

t.  it 

1  oz. 

1  lb. 

2  ** 
U  oz. 


Costs. 


2    cts. 
14   •• 
1      " 
8      »• 

*i    ti 

3^ 

li 
1 


18 


lOi 


101 


8 
.»  (i 


(( 


ti 


ti 


li   *• 

k    " 
8 
2 
1 


it 
if 
It 
<« 

(C 

«( 


tt 


41 

2 

1 

f} 

2 

1 

154    •* 


Foodanaterials. 


Kinds. 


No.  22. 

Pork, 

Beans, 
I  Fresh  cod, 
'  Potatoes. 

Rye  bread. 

Butter, 

Sugar, 

Milk, 


Total, 


No.  23,  for  8  men. 

Round  steak, 

Keef,  neck. 

Fresh  haddock, 

Salt  cod. 

Fat  pork, 

BenuB, 

Milk, 

Cheese, 

nutter, 

Wheat  bread. 

Rye  bread. 

Soda  crackers. 

Oatmeal, 

( 'or  n  meal. 

Rice, 

(Jarrots, 

Turnips, 

Potatoes, 

Cabbage, 

Sugar, 

Total,  for  8  men, 

"    "    1  man. 


No.  24,  for  8  men. 

I  Ronnd  steak, 
Beef,  eh  in  (soup), 
Fat  pork, 
Fresh  cod, 
Cheese, 
Milk, 
Roans, 
l^eape, 

W  lien  thread, 
Rye  bread, 
RoPton  crackers, 
Oatmeal, 
Cornmeal, 
I'olatoes, 
i  Turnips, 
Rutter, 
Sugar, 

Total,  for  3  men, 

"       "  1  man, 


Amounts. 


4  oz. 


tt 


1 
1 
2 
1 


lb. 
lbs. 


oz. 

t* 

lb. 


lb. 

i. 

«t 
tt 

oz. 

tt 

lbs. 
oz. 

tt 

lb. 
it 

oz. 


8 

1 
ti 

it 

2       •' 

7-12  lb. 

2     oz. 
ti 

10 

4 
2 

61 


tt 
tt 

lbs. 
oz. 


1 
1 


2 
tt 


lb. 
tt 

oz. 

lb. 

oz. 

lb. 
t< 

tt 

tt 

it 

oz. 

t. 


5-0  lbs 
24     '* 

8*     " 
84 


oz. 
tt 


Costs. 


n 

4 
2 

u 

i«4 


<4 

<t 
tt 
•% 
.« 
«f 
<i 
•  f 


9    cts. 

tt 
(( 
tt 
«. 
«i 
It 
.t 
If 
«t 
If 

M 
<t 
ti 
II 
iC 
II 
li 
tt 


81 

li 

2 

1 

0 

& 

4 
1 

u 


4 

I 

34 


4G|    •• 
15     " 


9 

U 
1 

4 

1 

84 
5 

% 

2 
IJ 

2) 

2 

G' 
2i 


t( 
ti 
it 
tt 

ti 
tt 
« 
tt 
ti 
(t 
it 
it 
u 
(t 
it 
tt 
u 


684    *• 
18      " 
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Food  UaterOU. 

Fv-t  ^^^ 

SlDda. 

Coats. 

Kil.rH.                        ia. 

■^■'.    .-. 

Ko.as.fociroeD. 

Pouton.                        , 



Ronnd  BlCAk, 

i    lb. 

B    eta. 

Caa,,fl.-«. 

Ueer,  eh  in  I  soap), 
Beer,  neck, 

,!  :: 

s'   "' 

s^;,t™^- 

l-l-CBh  COj, 

'    !l 

f, : 

Bul^,                           ;' 

-1    * 

Pork,      ' 
Beana. 

.': 

TuUl             _ 

,  ~ 

Whenl  bread. 

1  »■ 

8      " 

HyeUread, 

1    " 

BoBtoii  cinckera, 

a    01. 

Yi 

Soda  crncLers, 
Ontmeul, 

!Mt.((-,n.  Itj, 

1    " 

J        Ol. 

Pola'toes, 
Cnbliaite, 

fli    ^ba. 

i    " 

0;.l.i„S' 

CnirOLs,' 

M.Ik"'' 

SI    Ita. 

71    ■' 

.Buutr, 

Sugar, 

b\     or. 

«1    '■ 

7...           . 

Total  for  4  men. 

711    ■' 

X^.« 

"     '■  1  man. 

18      " 

Tort-T. 

.. 

No.W. 

"''•     -^ 

Befr<»oiip). 

PolnloeB, 

Brand, 

w-t"     " 

Unblinge, 

Tiirni|.>i, 

ClIlTHtS. 

Rice,' 

i 

U.irn  monl. 

1  lb. 

i  ■■ 

Bu'lWr^ 

a'-    .. 

Tola) 

fflij    '. 

';  J'  ■ ' 

So.  M. 

Shad. 

lib. 

*     eta. 

EBL-S. 

»' 

0,ili..e»l, 

?,*■ 

!l  ': 

t  lb. 

li  : 

II  All! 

Holittoes, 

1 

Butter, 

Total 

- 

So.  28. 

Beer,  round. 

1 
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PECUNIARY  KCONOHY  OF  FOODS. 

I  have  been  permitted  by  Professor  Atwater  to  incorporate  the 
following  statements  and  tables,  which  have  been  long  in  prepara- 
tion by  him,  with  my  address.  I  do  so  with  the  more  satisfaction 
since  he  lias  assured  me  that  the  time  has  come  when  the  services 
of  the  economist  and  the  statistician  are  much  needed  to  sustain 

the  work  of  the  chemist  and  the  physiologist. 

E.  A. 


A.       COST  OF  PROTEIN. 

A  subject  that  has  received  but  little  attention  in  this  country, 
though  it  has  become  a  vital  one  in  Europe,  and  is  becoming  so 
with  us,  is  the  cost  of  the  nutritive  material  of  our  foods.  Tlic 
relative  cheapness  or  dearness  of  different  foods  must  be  ju<lged 
by  comparing,  not  the  prices  per  pound,  but  the  costs  of  the  actual 
nutrients.  In  making  such  comparisons,  the  cost  may  be  assumed 
to  fall,  not  upon  the  inedible  portions  and  the  water,  but  solely 
upon  the  three  classes  of  nutrients,  the  protein,  fats,  and  carbo- 
h3'd  rates. 

The  relative  physiological  values  of  the  nutrients  in  <iifferent 
foods  depend  upon  (1)  their  digestibilit}'  and  (2)  their  func- 
tions and  the  proportions  in  which  the}'  can  replace  each  other 
in  nutrition.  An  accurate  physiological  valuation  is,  in  the  pres- 
ent state  of  our  knowledge,  at  least,  impracticable.  The  pecun- 
iary costs  of  the  nutrients  are,  however,  more  nearly  capable  of 
approximation. 

Various  methods  have  been  proposed  for  computing  the  relative 
pecuniar}^  costs  of  the  nutrients  of  foods,  none  of  which,  however, 
are  entirely  beyond  criticism.  The  following,  based  upon  Gernmn 
estimates  of  the  relative  costs  of  protein  fats  and  carbohydrates, 
is  perhaps  as  satisfactory  as  any.     They  are  those  of  Prof.  Konig. 

From  extended  comparisons  of  the  composition  and  market 
prices  of  the  more  important  animal  and  vegetable  food  materials, 
such  as  meats,  fish,  flour,  etc.,  those  which  serve  for  nourishment 
and  not  as  luxuries  and  form  the  bulk  of  the  food  of  the  people, 
it  has  been  estimated  that  a  pound  of  protein  costs,  on  the  average, 
live  times  as  much,  and  a  pound  of  fats  three  times  as  much,  as  a 
pt>und  of  carbohydrates ;  that,  in  other  words,  these  three  classes 
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of  nutrients  stand  related  to  each  other,  in  respect  to  cost,  in  the 

following  proportions : 

/  Protein,     .         .         5 

Aasunied  ratios  of  costs  in  staple  foods  <  Fats,  .         .         3 

'  Carbohydrates, .         1 

Perhaps  a  study  of  foods  and  prices  in  our  markets  might  lead 
to  a  different  scale  of  valuations,  but  this  will  serve  our  present 
purpose. 

Suppose  a  pound  of  beef  to  cost  25  cents,  and  to  contain  25  per 
cent  of  inedible  mutters,  bone,  etc.,  45  per  cent  of  water,  and  30 
per  cent  of  nutritive  substance,  upon  which  latter — the  bone  and 
water  being  assumed  to  be  without  nutritive  value — the  whole 
cost  comes.  The  30  per  cent  or  ^fPf^  pounds  of  nutritive  substance 
thus  costs  25  cents,  or  at  the  rate  of  83  j*  cents  per  pound.  If  now 
we  leave  out  of  account  the  minute  quantities  of  carbohydrates 
and  the  mineral  matters,  the  whole  cost  will  fall  upon  the  protein 
and  fats.  Assuming  these  to  cost  in  the  ratio  of  5  :  3  and  the 
amounts  in  the  meat  to  be :  protein  15  per  cent,  and  fats  14|-  per 
cent,  an  easy  computation  will  show  the  protein  to  cost  106  ceuts 
and  a  pound  of  fats  64  cents. 

Of  the  different  nutrients,  protein  is  physiologically  the  most 
important  as  it  is  pecuniarily  the  most  expensive.  For  these 
reasons  the  cost  of  protein  in  different  food  materials  may  be  used 
as  a  means  of  comparing  their  relative  cheapness  or  dearness,  as 
is  done  in  the  following  table.  The  figures  represent  the  ordinary 
prices  per  pound  and  the  corresponding  costs  of  protein,  in  speci- 
mens of  food  materials  obtained  in  New  York  and  Middletown, 
Conn.,  markets.  Though  the  number  of  specimens  is  too  small 
for  reliable  averages,  the  figures,  taken  together,  doubtless  give  a 
tolerably  fair  idea  of  the  relative  costliness  of  the  nutrients  in  the 
different  classes  of  foods.  It  will  of  course  be  understood  tUat 
the  computations  make  allowance  for  the  costs  of  the  other  nutri- 
ents, the  fats  and  the  carbohydrates,  though  for  the  sake  of  brevity 
the  latter  are  omitted  from  the  table. 
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COMPARATIVE  COST  OF  PROTEIN  IN  FOOD  MATERIALS. 


FOOD  XATEBIAL8. 


it 


u 

li 

u  o 


c  s 
o  •- 


Salmon. 

Oysters,  50  cts.  per  qaart. 

Oysters,  40  "     *«       " 

Oysters,  30  "    «       * 

Lobsters. 

Eggs,  40  cts.  per  dos. 

Salmon. 

Flounder. 

Beef,  sirloin. 

Eggs,  25  cts.  per  doz. 

Shad. 

Blueflsb. 

Lake  trout. 

Mutton,  leg. 

Beef,  sirloin. 

Halibut. 

Haddock. 

Mutton,  leg. 

Mackerel. 

Cod. 

Mutton,  side. 

Beef,  round. 

Canned  salmon. 

3Iutton,  leg. 

Shad. 

Cornedlbeef,  lean. 

Eggs,  15  cts.  per  dos. 

Milk,  8  cts.  per  quart. 

Beef,  round. 

Cod. 

Corned  beef,  lean. 

Milk,  7  cts.  per  quart 


cts. 

cts. 

100 

511 

25 

330 

20 

200 

15 

202 

13 

202 

28 

157 

SO 

153 

8 

149 

25 

0C» 

18 

101 

12 

09 

10 

08 

15 

92 

22 

91 

20 

80 

15 

85 

7 

81 

20 

82 

10 

79 

8 

75 

20 

73 

18 

70 

20 

70 

10 

GO 

8 

GG 

18 

06 

11 

G2 

4 

01 

15 

59 

6 

56 

15 

65 

3.5 

53 

FOOD  MATBBIAIA. 


Salt  mackereL 
Smoked  ham. 

Smoked  ham. 

Salt  cod. 

Mackerel. 

Wheat  bread. 

Rice. 

Cheese,  whole  milk. 

Salt  cod. 

Corned  beef,  lean. 

Beef,  flank.* 

Beef,  neck. 

Pork  very  fat,*  salted. 

Salt  cod. 

Potatoes,*  $1.00  per  bu. 

Wlieat  bi-ead. 

Cheese,  whole  milk. 

Alewivcs. 

Pork,  very  fat,*  salted. 

Smoked  hening. 

Potatoes,*  75  rts.  per  bu. 

Wheat  bread. 

Beans,  13  cts.  per  quart. 

Cheese,  skimmed  milk. 

Wheat  flour. 

Wheat  flour. 

Oatmeal. 

Beans,  10  cts.  per  quart. 

Potatoes,*  60  cts.  per  bu. 

Wheat  flour. 

Corn  meal. 


O 

If 

11 


cts. 
12  JS 
18 


B 

Si 

CO 

c 
^  »* 

o  -^ 


cts. 
63 
51 


15 

43 

7 

43 

6 

40 

8 

38 

9 

38 

18 

37 

6 

37 

10 

eo 

15 

3J 

8 

3;l 

16 

33 

6 

31 

1.7 

80 

6 

20 

13 

27 

3 

27 

12 

25 

6 

24 

1.38 

22 

4 

10 

G.5 

18 

8 

18 

4.5 

17 

4 

15 

6 

15 

5 

14 

0.85 

14 

3.5 

13 

3 

12 

•Containing  very  little  protein,  the  chief  value  being  in  the  other  ingredients. 
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Thus  the  nutrients  of  vegetable  foods  are,  in  general,  much  less 
costly  than  in  animal  foods.  The  animal  foods  have,  however, 
the  advantage  of  containing  a  larger  proportion  of  protein  and 
fats,  and  the  protein,  ut  least,  in  more  digestible  forms. 

Among  tlie  animal  foods,  those  which  rank  as  delicacies  are  the 
costliest.  By  tlie  above  calculations,  the  protein  in  the  oysters 
costs  from  two  to  three  dollars,  and,  in  salmon,  rises  to  over  five 
dollars  per  pound.  In  beef,  mutton,  and  ham,  it  varies  from  106 
to  43  cents ;  in  shad,  blue-fish,  haddock  and  halibut,  the  range  is 
about  the  same;  while  in  cod  and  mackerel,  fresh  and  salted, 
it  varies  from  75  to  as  low  as  31  cents  per  pound.  Salt  cod  and 
salt  mackerel  are  nearly  alwa3's,  fresh  cod  and  mackerel  often,  and 
even  the  choicer  fish,  as  blue-fish  and  shad,  when  abundant, 
cheaper  sources  of  protein  than  any  but  the  inferior  kinds  of 
meat.  Among  meats,  pork  is  the  cheapest;  but  salt  pork  or 
bacon  has  the  disadvantage  of  containing  very  little  protein. 

It  is  well  worth  the  noting  that  oat  meal  is  one  of  the  cheapest 
foods  that  we  have  ;  that  is,  it  furnishes  more  nutritive  material,  in 
proportion  to  the  cost,  than  almost  any  other.  Corn  meal  is 
indeed  cheaper,  but  the  oat  meal  has  this  great  advantage  over 
corn  meal  and  wheat  flour,  that  it  has  more  protein.  Of  course, 
if  we  are  to  eat  large  quantities  of  lean  meat — and  most  of  us,  I 
think,  eat  more  than  is  best  for  our  health,  saying  nothing  of  our 
purses,  the  extra  protein  in  the  oat  meal  is  of  little  consequence  to 
us.  But  if  one  wishes  to  economize  in  his  food,  oat  metil — rightly 
cooked — affords  an  excellent  material  therefor. 

One  of  the  most  interesting  things  brought  out  in  the  table  is 
cheapness  of  the  staple  vegetable  food  materials,  such  as  potatoes, 
wheat  flour,  corn  meal,  oat  meal  and  beans. 

B.      AMOUNTS   OF   NUTRIENTS   OBTAINED    FOR  TWENTY-FIVE  CENTS 

IN    DIFFERENT    FOOD   MATERIALS. 

The  above  method  of  computing  the  relative  expensiveness  of 
difierent  kinds  of  food  materials  is,  as  I  have  smd,  open  to  the 
objection  that  it  is  based  upon  a  certain  assumed  ratio  of  relative 
costs  of  protein,  fats,  and  carbohydrates,  which  may  or  may  not 
be  right  in  any  given  case.  A  method  free  from  these  objections 
consists  in  computing  how  much  of  the  several  nutrients  may  be 
obtained  for  a  given  sum,  for  instance,  twenty-five  cents,  in  differ- 
ent food  materials.     This  is  done  in  the  following  table. 
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AMOUNTS  OF  NUTBIENTS  TURNISUED  FOR  TWENTY-FIVE  CENTS  1^  FOOD 

MATERIALS  AT  ORDINARY  PRICES. 


ces  per 
and. 

25  CENTS  WILL  PAY  FOR  : 

— 

FOOD  UATEBIAL8. 

1^ 

K UTRIENT8,  POUX I>8  . 

H 

cS 

|CarlM>- 

< 

gi 

Totals. 

Protein 

Fats. 

liy- 

ct«. 

lbs. 

Salmon. 

KG 

2) 

.Ofi 

.01 

.02 

._ 

OystevH,  50  cts.  per  qanrt. 

2.5 

1.00 

.12 

.oi: 

.02 

.04 

Oystei-b,  36  cts.  per  quart. 

17.5 

1.42 

.17 

.09 

.02 

.06 

Salmon. 

»0 

.83 

10 

.12 

.07 

— 

niiieflsh. 

10 

2.50 

.27 

.25 

.02 

_ 

Itecf,  Birloio. 

25 

1.00 

.20 

.15 

.14 

_ 

Shad. 

12 

2.08 

.21) 

.19 

.10 

.^— 

Cod. 

08 

3.13 

.34 

.3:? 

.01 

.>— . 

Blutton,  leg. 

22 

1.14 

.34 

.17 

.17 

— . 

Mackerel. 

10 

2.50 

.35 

.25 

.10 

^_ 

Beef,  Biiioin. 

20 

1.25 

.37 

.19 

.18 

.» 

Mutton,  leg. 
Beef,  round. 

20 

1.25 

.38 

.19 

.19 

.. 

18 

1.3i) 

.40 

.29 

.11 

__ 

Canned  salmon. 

80 

1.25 

.44 

.2.1 

.19 

.^ 

Shad. 

C8 

3.1.) 

.44 

.29 

.15 

•^ 

Cod. 

00 

4.17 

.45 

.44 

.01 

^_ 

Mutton,  side. 

20 

1.25 

.40 

.17 

.29 

..^ 

Beef,  round. 

15 

1.(57 

.49 

.35 

.14 

^—. 

Salt  cod. 

07 

3.57 

.68 

.57 

.01 

^^ 

Salt  mackerel. 

1-3.5 

2.0  J 

.00 

.30 

.30 

_^ 

Mackerel. 

05 

6.00 

.71 

.61 

.20 

_ 

Biiltcr. 

30 

.8;  J 

.73 

.73 

._ 

Milk,  8ct8.  per  qaarL 

04 

C.25 

.74 

.21 

.23 

.SO 

S.I  It  cod.. 

05 

5.U0 

.82 

.80 

.02 

._ 

Milk,  7ct8.  per  quart. 

03.5 

7.14 

.81 

.24 

.28 

.34 

Cheese,  whole  nnlk. 

18 

1.39 

.JO 

.38 

.49 

.03 

Beef,  neck,  whole. 

08 

3.13 

.02 

.48 

.44 

Cheese,  whole  milk. 

15 

l.«!7 

1.(8 

.45 

..•SO 

.04 

Smoked  herring. 

GO 

4.17 

1.21 

.84 

.37 

PoiK,  sailed,  fat. 

.10 

i.r>i> 

1.2;{ 

.04 

1.19 

... 

Pork,  salted,  fat. 

12 

2. 08 

1.0.^ 

.o;{ 

1.59 

— _ 

Cheese,  skim  milk. 

.08 

3.13 

1  (.9 

1.20 

.21 

.28 

Wheat  bread. 

.08 

3.13 

2.08 

.28 

.m 

1.74 

Wheat  bread. 

00 

4.17 

2.75 

.37 

.07 

2.31 

Potatoes,  $1.00  per.  bushel. 

01.7 

3  24 

3.04 

.27 

.03 

2.74 

Beans,  10  cts.  per.  quart. 

05 

ft  00 

3.1MJ 

l.Ki 

.11 

2.08 

Potatoes,  75  cts.  per  bubbel. 

01.25 

18.00 

4  13 

.3(i 

.04 

8.73 

Wheat  bread. 

01 

0.25 

4.15 

.5a 

.12 

3.47 

Ontnical. 

0.5 

5.00 

4.48 

.70 

.30 

3.3G 

Wlicut  flour. 

04.6 

6.55 

4.83 

.62 

.00 

4.15 

Wheat  Hour. 

01 

0.25 

5.44 

.09 

.04 

4.71 

Potatoes,  50ct8.  per  bushel. 

00.85 

2{S.47 

C.W) 

.63 

.05 

5.48 

Indian  meal. 

03 

8.33 

G.CO 

.70 

.29 

5.91 

The  methods  of  computing  the  cost  of  protein  and  the  amounts 
obtained  for  twenty-five  cents  in  different  foods  are  as  follows. 

1.  Cost  of  protein, — Suppose  we  wish  to  learn  the  costs  of  the 
nutrients  in  wheat  flour,  containing  11.1  per  cent  of  protein,  1.1  per 
cent  of  fat,  and  75.4  per  cent  of  carbohydrates,  and  costing  four 
cents  a  pound. 
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Let  X  represent  the  cost  of  a  pound  of  carbolij'd rales  in  cents. 
Then,  b}'  the  ratio  of  costs  assumed  above,  a  pound  of  fats  would 
cost  3x  cents  and  a  pound  of  protein  5a:  cents.  100  pounds  of  the 
flour  will  cost  400  cents  and  will  contain  11.1  pounds  of  protein, 
1.1  pounds  of  fats,  and  75.4  pounds  of  carbohydrates.  We  shall 
have 

75.4ajct8.  z=:  cost  of  75.4  pounds  of  carbohydrates. 
8.3ic    '*    =      "    *'     1.1         "       ''  fats. 
55.5a;    "    =     ''    ''11.1         "       "protein. 


Total   134. 2aj   "    =      "    "     100        "       "  flour  =  400  cents. 
Whence  a;  =  3  cts.  cost  of  carboliydrates  per  lb. 
3ar  =  9     "       "     "  fats  per  lb. 
5a:  =  15  "       "     "  protein  per  lb. 

2.  Amounts  of  nutrients  obtained  for  25  cents. — At  4  cents 
per  pound  for  the  flour,  25  cents  will  pay  for  6.25  pounds.  By  the 
percentage  composition  above  given  6.25  pounds  of  flour  will  con- 
tain .69  pound  of  protein,  .07  pound  of  fats  and  4.71  pounds  of 
carbohydrates  which  are  the  amounts  of  nutrients  obtained  for  25 
cents. 

CONCLUSIONS. 

The  facts  to  which  I  have  referred  and  others,  which  this  is  not 
the  place  to  dwell  upon  in  detail,  seem  to  me  to  warrant  the  follow- 
ing statements. 

1.  The  subject  is  one  of  the  utmost  importance.  If,  as  you 
say,  for  the  large  majority  of  people,  "half  the  struggle  of  life  is 
a  struggle  for  food," —  and  I  believe  that  your  own  statistics  as 
well  as  those  of  Colonel  Wright  for  this  country,  and  those  of  Dr. 
Engel  for  Germany  show  that  the  statement  is  none  too  strong, — 
it  is  certainly  worth  while  that  people  should  know  of  what  their 
food  consists  and  how  to  economize  it. 

2.  In  order  that  ordinary  people  may  know  these  things,  it  is 
necessary  first  of  all  that  the  facts  should  be  found  out.  Here, 
as  in  many  other  arts  and  economies  of  life,  the  practical  details 
which  arc  at  once  most  important  and  seemingly  the  most  simple, 
rest  upon  data  so  extended  and  laws  so  abstruse  as  to  be  found 
out  only  by  the  longest  inquir}'  and  most  profound  research.  It 
is  only  latc^l}'  that  science  has  begun  to  bring  the  most  useful  re- 
sults, and  hence  we  are  just  at  the  beginning  of  our  knowledge  of 
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these  matters,  yet  enough  has  been  done  to  give  us  a  great  deal  of 
extremely  useful  information,  and  to  show  us  where  and  ho^'  ive 
must  search  for  more. 

3.     Economy  of  food  must  be  regarded  from  two  standpoints  z 

(1)  physiological  and  (2)  pecuniary. 

Viewed  from  the  physiological  standpoint,  the  facts  at  hand  make 
it  reasonably  certain  that  many  people  in  our  country,  including 
not  simply  the  wealthy  but  those  in  what  we  call  moderate  circum- 
stances as  well,  consume  much  more  food  than  their  bo<iies  demand, 
and  that  the  excess  is  detrimental,  not  only  to  their  purses  but, 
w4iat  is  worse,  to  their  health.     The  chief  error  seems  to  be  in  the 
excessive  use  of  meat  and  other  animal  foods,  though  I  am  in- 
clined to  think  that  sweetmeats  are  also  consumed  to  a  very  detri- 
mental excess.     The  poor,  too,  whom  poverty  debars  from  over- 
eating suffer,  not  only  because  of  insufficient  food,  but  because 
the  food  they  do  have  is  not  that  which  is  best  adapted  to  their 
wants. 

Viewed  from  the  pecuniary  standpoint,  the  data  at  hand  indi- 
cate a  great  deal  of  bad  economy,  in  the  purchase  of  excess  of 
food.  This  manifests  itself  in  two  wa3's :  one  is  consumption  of 
unnecessarily  large  quantities  of  food  to  which  I  have  just  referred. 
Of  the  many  ways  in  which  American  wastefulness  manifests 
itself,  one  of  the  chief,  I  believe,  is  in  the  waste  of  food.  It  is 
indeed  better  that  part  of  the  excess  we  purchase  should  be 
thrown  away,  than  that  it  should  all  be  employed  in  overloading 
our  stomachs,  but  it  would  be  better  to  purchase  only  so  much  as 
we  need  and  use  that  rightly.  And  it  is  not  the  well- to  do  only, 
but  people  in  moderate  circumstances,  mechanics,  farmers,  trades- 
men, professional  men  with  limited  incomes,  among  whom  this 
wastefulness  is  very  common. 

The  other  kind  of  bad  economy  is  in  the  use  of  needlessly  ex- 
pensive foods.  Among  that  large  class  of  people  whose  incomes 
are  moderate,  and  intelligence  and  desire  to  economize  consider- 
able, a  great  deal  is  lost  in  the  purchase  of  materials  which  sup- 
ply the  needed  nutritious  materials  at  high  cost  instead  of  those 
which  would  furnish  them  in  equally  wholesome  and  nutritious 
forms  for  less.  Many  a  thrifty  house  pays  from  half  a  dollar  to 
a  dollar  and  a  half  a  pound  for  the  protein  of  the  food  on  her  table 
when  she  might  obtain  it  in  equally  nutritious  and  wholesome  forms 
for  from  twelve  to  forty  cents. 
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But  what  seems  to  me  the  most  patbetic  part  of  the  whole 
problem  is,  that  it  is  the  needy  who  know  least  how  to  make  good 
use  of  what  the}'  have.  It  is  too  often  the  poor  man's  money  that 
is  wasted  in  the  market  and  it  is  the  food  of  the  destitute  that 
loses  most  from  improper  preparation.  Here  it  is  especially  true 
that  '^  to  him  that  liath  shall  be  given  and  from  him  that  hath  not 
shall  be  taken  even  that  which  he  hath." 

4.  It  is  as  important  that  the  information  should  be  spread  as 
that  it  should  be  gained.  There  is  a  great  dearth  of  reliable  lit- 
erature on  this  subject.  This  is  due  mainly  to  its  newness.  It  is 
only  within  a  few  years  that  the  data  have  accumulated  of  such 
amount  and  reliability'  that  the  authors  of  standard  works  have 
felt  like  incorporating  them  in  their  treatises.  The  army  of  ordi- 
dinary  writers,  therefore,  have  never  had  the  facts  before  Ihem. 
The  text  books  have  had  but  little  to  say  upon  the  subject,  while 
the  magazines  and  newspapers  have  contained  a  great  deal  that 
might  better  have  been  left  unwritten.  But  treatises  are  already 
appearing  in  foreign  languages,  and  must  soon  be  written  in  Eng- 
lish. 

I  think  that  the  literature  of  the  subject  needs  three  things. 

First:  standard  treatises  giving  the  results  of  investigations  to 
date. 

Second :  smaller  works  with  the  main  results  epitomized  in 
form  convenient  for  those  especially  interested  in  the  matter  to 
read. 

Third  :  tracts  for  the  people  in  which  the  most  useful  practical 
facts  shall  be  set  forth  in  plain  and  simple  language  illustrated  by 
diagrams  and  enforced  b}^  practical  applications  which  ordinarj'^ 
people  may  comprehend  and  use. 

And  finall}',  let  me  repeat,  for  this,  I  believe,  is  the  most  impor- 
tant thing  of  all  for  us  to  consider  now, — we  need  more  research. 
Almost  nothing  has  been  done  on  this  side  of  the  Atlantic.  Nearly 
all  the  analyses  we  have  of  American  food- materials  except  cereal 
grains  and  milk  have  been  made  within  a  short  time  in  a  single 
chemical  laborator}'.  The  most  valuable  part  of  our  information 
comes  from  Germany.  But,  although  the  laws  of  nutrition  are  the 
same  there  as  here,  they  are  at  best  but  imperfectly  investigated. 
The  pressing  need  is  for  more  knowledge.  The  most  successful 
research,  that  of  the  highest  type,  must  be  carried  on  here,  as 
in  Europe,  in  connection  with  the  higher  educational  institutions. 
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But  such  research  is  costly  and  our  nniversities  and  colleges  have 
not  the  means  for  prosecuting  it.  Science  in  this  country  depends 
mainly  upon  private  munificence  for  its  advancement.  The  cost 
of  a  single  pleasure  yacht,  if  devoted  to  research  in  this  direction, 
would  not  only  give  the  donor  fame,  but  would  bring  tenfold  re- 
turn in  the  benefits  it  would  confer. 

W.  O.  A. 

APPENDIX. 

The  following  data  will  in  some  measure  justify  the  statements 
which  I  have  given  in  my  address,  both  in  regard  to  the  gain  of 
the  people  of  the  United  States  in  realized  wealth,  but  also  in  re- 
spect to  the  increase  of  products  which  make  for  the  common  wel- 
fare. 

Statistics  of  realized  wealth,  when  given  in  terms  of  mone}*, 
are  delusive  and  uncertain,  and  such  aggregates  are  of  little 
value ;  but  there  are  certain  standards  which  may  be  taken  as  in- 
dications of  the  progress  of  accumulation  or  of  the  increased  quan- 
tities of  merchandise  on  the  way  from  producer  to  consumer. 

Tlie  data  of  insurance  against  loss  by  fire  are  capable  of  very 
accurate  compilation  from  the  oflScial  statements  which  are  re- 
quired by  law. 

One  of  the  most  valuable  compilations  of  this  sort  appeared  in 
the  Insurance  Monitor  of  New  York,  for  September,  1884,  made 
by  the  editor  C.  C.  Iline,  Esq. 

The  progressive  inciease  in  the  amount  of  insurance  against 
loss  by  fire  since  1865 — the  figures  indicating  millions  of  dollars 
— is  as  follows  : — 

1865  $2564 

18G6  2945 

1867  3165 

1868  3420 

1869  3778 

1870  4035 

1871  3987 

1872  4529 

1873  5783 

1874  5889 


1875 

$6039 

1876 

5914 

1877 

6008 

1878 

6229 

1879 

6673 

1880 

7184 

1881 

7949 

1882 

8534 

1883 

9359 
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The  grain  crop  of  1865,  including  raaize,  wheat,  oats,  rye,  bar- 
ley and  buckwheat  amounted  to  1,127,499,187  bushels;  the  crop 
of  1884  numbered  2,981,920,  332  bushels;  the  crop  of  1885,  in 
which  the  excess  of  corn  will  make  up  for  the  deficiency  of  wheat, 
will  probably  exceed  3,000,000,000  bushels.  Except  for  the  con- 
solidation and  extension  of  the  railway  service,  and  tiie  very  great 
reduction  in  the  freight  charge,  tliese  crops  could  not  have  been 
moved. 

The  number  of  miles  of  railroad  Jan.  1,  1865,  was  33,908  ;  Jan. 
1,  1885,  it  was  125,379.  One- half  the  tonnage  carried  by  these 
railways  consists  of  food  for  man  or  beast. 

If  we  compare  the  average  charge  per  ton,  per  mile,  as  it  was 
in  1865-1869,  inclusive,  with  the  average  charge  of  each  subse- 
quent year,  the  difference  on  the  traffic  of  each  subsequent  year 
assessed  on  the  tonnage  of  tliat  year  amounts  to  a  sum  more  than 
equal  to  the  money  expended  on  all  the  new  railroads  of  that 
year. 

The  average  product  of  pig  iron  for  1865-66-C7  was  1,247,850 
net  tons;  for  1882-83-84,  a  fraction,  only,  under  5,000.000  net 
tons  each  year. 

The  cotton  crop  of  1865-66,  1866-67,  1867-68  averaged  2,600,- 
000  bales  each  year.  The  croi)s  of  1882-83,  1883-84,  1884-85 
averaged  6,122,000  bales  each  year.  The  present  crop  may  ex- 
ceed 7,000,000  bales. 

The  last  20  crops  of  slave-grown  cotton  numbered  56,757,906 
bales.  The  last  20  crops  of  free-grown  cotton  numbered  86,829,- 
795  bales;  a  gain  of  30.031,889  bales,  or  1,500,000  bales  per 
year,  besides  an  increase  in  the  average  weight  per  bale  of  about 
ten  per  cent;  400  lbs.  in  1841,  485  lbs.  in  1885.  This  difference, 
with  the  value  of  the  seed  now  saved,  but  formerly  wasted,  may 
be  computed  at  a  value  of  about  $1,800,000,000. 

The  debt  of  the  United  States  at  its  maximum  in  1865  amounted 
to  $2,997,386,203,  according  to  the  estimate  of  Sec'y  McCulloch, 
who  added  to  the  recorded  debt,  the  sum  due  and  in  arrears  for  the 
pay  of  the  army  and  on  war  contracts.  On  the  1st  of  August, 
1885  the  net  debt  amounted  to  $1,386,555,527. 

Our  population  in  1865  was  about  35,000,000;  it  is  now  over 
67,000,000.  The  debt  per  capita  in  1865  was  over  $84.  It  is  now 
less  than  $24. 

The  debt  of  all  Europe  in  1884  as  reported  by  M.  G.  Mulhall  at 
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the  meeting  of  the  British  Association  in  Montreal  was  $21,319,- 
620,000.  Omitting  Russia,  Turkey,  Servia  and  the  bankrupt 
states  of  Spain  and  Portugal,  there  remains  over  $15,000,000,000 
of  debt  (hie  by  England,  Germany,  France  and  other  states  which 
are  assumed  to  be  solvent.  The  population  of  these  latter  states 
is  now  about  200,000,000  and  the  proportion  of  their  steadily 
increasing  debt  is  $75  per  head.  These  states  have  one  mile  of 
railroad  to  each  2420  persons.  In  the  United  States  there  is  one 
mile  to  each  450  persons. 

The  number  of  men  in  actual  service  in  the  standing  armies  of 
Europe,  omitting  Russia  and  Turkey,  as  listed  in  Martins*  Year 
Book  for  1884  was  2,675,386  or  one  in  every  twenty -one  and  a  half 
of  the  adult  men,  assuming  one  in  four  of  the  population  as  such. 

The  number  in  the  army  and  navy  of  the  United  States  is  36,871 
or  one  in  three  hundred  and  eight^'-five. 

The  number  of  men  in  the  reserves  in  Europe,  who  are  enrolled 
and  subject  to  active  service  at  a  moment's  notice,  is  far  greater 
than  the  number  actually  under  arms.  If  to  the  waste  of  time  of 
those  who  are  under  arms  be  added  the  cost  of  their  support,  at 
least  ten  per  cent  of  the  productive  power  of  Europe  is  spent  in 
passive  war  even  in  periods  of  so-called  peace  while  a  large  part 
of  the  remaining  product  is  distributed  according  to  privilege 
rather  than  according  to  service.  Tnese  conditions  are  as  impos- 
sible of  continuance  as  the}'  are  dangerous  in  their  existence. 

I  may  safely  leave  you  to  make  the  application  of  these  facts  to 
the  relative  conditions  of  this  country  and  of  Europe — in  sadness 
rather  than  in  exultation. 

At  the  beginning  of  the  next  century  this  country'  will  be  free 
from  debt — our  army  will  have  become  a  mere  national  police — 
the  progress  of  invention  will  have  rendered  navies  powerless 
either  for  offence  or  defence. 

We  are  to  be  tried  b}'  the  fire  of  prosperity  and  tested  by  the 
dangers  of  luxury.  The  burning  question  now  is.  Are  we  capable 
of  maintaining  a  just  government  in  its  integrit}'? 

*'0f  what  avail,  the  plough  or  sail, 
Or  land,  or  life,  If  freedom  fail!" 

.    E.  A. 
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utive SERVICE  OF  THE  UnITED  StATES,  IN  THE  INTEREST  OF 
PUBLIC  ECONOMY  AND  OF  SCIENCE.     By  JOHN  W.  HoYT,  LL.D., 

Cheyenne,  W.  T. 

[ABSTRACT.*! 

Had  the  executive  branch  of  the  federal  government  remained 
without  change  of  organization  for  a  century,  it  may  be  assumed 
that  the  natural  disinclination  of  most  men  to  disturb  the  exist- 
ing order  of  things  would  now  render  the  effort  to  secure  important 
modifications  of  it  at  once  laborious  and  of  doubtful  issue.  But 
such  is  not  the  state  of  the  case.  So  far  from  having  remained 
in  statu  quo  for  the  hundred  years  of  our  national  life,  the  consti- 
tution of  the  executive  service  has  already  undergone  repeated  and 
important  changes.  It  has  had  a  continuous  growth, — slower, 
naturally,  than  the  interests  of  the  country  have  demanded,  and, 
in  so  far  as  departmental  divisions  of  it  are  concerned,  of  neces- 
sity unequal. 

The  beginning  was  with  but  three  departments :  of  State,  of  the 
Treasury,  and  of  War  ;  the  last-named  embracing  what  is  now  the 
Navy  Department  during  the  first  decade  of  our  national  history. 

There  was  a  postmaster  general  from  the  start,  but  his  ofllce  was 
deemed  of  secondary  importance  and  he  had  no  place  in  the  cabinet 
until  1829. 

There  was  no  Interior  Department,  for  at  first  there  was  but 
little  for  such  a  department  to  represent.  But  by  the  year  1847, 
through  the  acquisition  of  new  territory  and  an  extraordinary  nat- 
ional development,  there  had  come  the  realization  of  the  need  of 
a  new  department,  that  should  be  charged  with  the  supervision  of 
certain  growing  interests  that  could  not  properly  be  assigned  to 
either  of  the  existing  departments,  namely,  the  management  of  the 
vast  public  domain,  the  issue  of  patents,  etc.  And  so  Con- 
gress created  the  new  Department  of  the  Interior,  to  have  charge 

^This  paper  is  published  withoat  being  revised  by  the  author.— Editor. 
a.  a.  a.  8.,  VOL.  XXXIV.  82  (4^7) 
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of  these  and  such  otber  domestic  interests  as  should  reqture  gov- 
ernmental supervision. 

For  more  than  three-quarters  of  a  century,  there  was  no  Depart- 
ment of  Justice ;  for  tlie  legal  business  of  the  government  was  at 
first  so  limited  that  it  was  easily  transacted  by  the  attorney-gen- 
eral and  a  small  force  of  subordinates.  He  had  a  seat  in  the  cab- 
inet from  the  beginning,  but  was  simply  legal  advisor  of  the  pres- 
ident and  the  nation's  attorney.  It  was  not  till  after  the  great 
civil  war,  that  the  present  administrative  department  was  organ- 
ized. 

There  was  for  a  long  period  no  recognition  whatever  of  any  of 
the  national  industries  as  needing  governmental  supervision. 
Agriculture,  from  time  immemorial,  had  been  conducted  in  a  rude, 
empirical  manner  and  practically  speaking  other  industries  were 
yet  in  embr3'o. 

But,  behold,  what  marvellous  changes  have  come  with  the  geo- 
graphical enlargement.  We  are  now  nearly'  sixty  millions  of  people, 
with  aproperty  valuation  approaching  fifty  thousand  million  dollars. 
The  genius  and  energy  of  Americans  have  been  directed  to  a  mul- 
titude of  new  industries,  and  the  sciences  have  become  the  practical 
servitors  of  mankind. 

Growth  like  this  has,  of  course,  necessitated  a  large  increase  in 
the  amount  of  the  civil  service  to  be  performed,  and  created  an  im- 
perative demand  for  corresponding  improvement  and  enlargement 
of  that  grand  system  of  agencies  by  which  the  executive  branch  of 
the  service  is  conducted. 

That  the  present  organization  of  bureaus  and  special  services  is 
exceedingly  faulty  is  too  evident  to  require  more  than  a  pointing 
out  of  the  illogical  groupings  of  them  and  the  growing  inequality 
of  the  burdens  and  responsibilities  thereby  imposed,  for  the  heads 
of  some  of  the  departments  have  comparatively  light  work,  while 
others  are  greatly  overburdened.  Moreover,  the  fields  covered 
by  the  Treasury  and  the  Interior  are  so  vast,  and  so  various  in  the 
nature  of  the  subjects  embraced,  that  it  is  no  longer  possible  that 
they  should  be  administered  with  that  wisdom  and  thoroughness 
which  the  public  welfare  demands. 

Thus,  in  addition  to  the  duties  necessarily  devolved  upon  the 
secretary  of  the  treasury,  which  are  various  and  difficult  enough 
to  fully  engage  the  powers  of  any  statesman,  as  well  as  burdensome 
enough  in  their  exactions  to  occupy  his  entire  time  and  energies 
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man}'  others  are  imposed  by  the  present  makeshift  distribution  of 
which  he  should  be  relieved. 

The  bureau  of  the  coast  and  geodetic  surveys,  the  supervision 
of  tlie  construction  of  public  buildings,  the  bureau  of  statistics, 
and  perhaps  yet  others,  could  be  dissevered  from  the  Treasury 
Department  without  the  slightest  difficulty  and  with  great  positive 
advantage. 

The  same  is  true  of  the  Interior.  Think  of  our  departmental 
supervision  of  the  vast  and  dissimilar  fields  covered  b}'  the  general 
land  office  ;  the  bureau  of  Indian  affairs,  with  its  knotty  problems 
for  practical  solution  ;  the  bureau  of  pensions,  with  its  annual  dis- 
bursements of  many  millions ;  the  patent  office,  with  its  difficult 
questions  and  numerous  appeals ;  the  bureau  of  education,  with  its 
world-wide  field  of  investigation  and  its  practical  mission  of  incal- 
culable importance ;  that  interesting  and  valuable  work  known  as 
the  United  States  geological  survey ;  the  railway  commission 
formed  for  the  protection  of  the  government's  interest  in  the 
Pacific  railway's  ;  the  supervision  of  the  charitable  institutions  of 
the  government  in  the  District  of  Columbia  and  elsewhere,  and 
finally  the  general  oversight  of  nine  immense  territories,  and  then 
marvel  at  the  serious  mistakes  sometimes  made,  or  that  the  great 
interests  embraced  constantly  suffer  yet  more  important  nega- 
tive loss  through  want  of  the  utmost  thoroughness  in  manage- 
ment. 

Again,  the  incongruity  of  the  subjects  embraced  in  these  two 
great  departments  is  scarcely  less  obnoxious  to  criticism  than  are 
their  number  and  magnitude.  All  things  are  related  to  each  other 
in  some  manner,  but  there  is  nevertheless  a  fitness  of  association 
and  an  unfitness.  And  certainly  there  is  no  very  marked  con- 
gruity  between  patents  and  geological  surveys,  the  guidance  of  tlie 
nation's  educational  forces  and  the  control  of  its  savage  tribes, 
the  survey  and  sale  of  the  public  lands  and  the  oversight  of  char- 
itable institutions,  the  payment  of  pensions,  the  adjustment  of  rail- 
way accounts  and  the  supervision  of  the  territorial  governments. 
Yet  such  is  the  aggregation  of  mismatched  burdens  under  which 
the  Secretary  of  the  Interior  is  now  heroically — he  will  pardon  me 
for  saying  almost  hopelessl}' — struggling. 

After  this  rapid  survey  it  will  bo  manifest  that  redistribution 
would  not  alone  be  a  sufficient  remedy.  It  is  not  even  practicable 
to  any  considerable  extent :  there  are  too  many  responsibilities  of 
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superintendence  in  the  civil  division  of  the  executive  service 
for  the  very  feir  ministers  to  whom  they  mast  needs  be  assigned. 
Not  even  the  lesser  countries  of  the  old  world  have  fooDcl  it 
practicable  to  administer  their  public  affairs  with  so  small  a  circle 
of  ministers,  and  the  extent  to  which  services  of  various  kinds  Lave 
grown  up  in  our  own  country  outside  of  the  departments,  simply 
because  it  was  found  to  be  impracticable  to  lay  further  responsibil- 
ities upon  the  present  cabinet  officers,  of  itself  constitutes  an  ad- 
mission of  the  need  herein  ui^ed  of  a  reoi^nization  by  increase 
of  competent  su|3er vision,  as  well  as  bj'  systematic  coordination. 

A  still  further  reason  is  furnished  by  the  important  fact   that, 
even  with  our  past  unprecedented  growth  as  a  nation,  we   seem 
ever  entering  upon  a  new  era  of  yet  more  marvellous  development ; 
so  that  if  such  reorganizations  were  not  pressingly  needed  to-dajr 
it  would  be  to-morrow.     The  progress  of  our  country  and  age  re- 
fuses further  postponement  or  the  use  of  temporary*  expedients. 
The  necessities  of  the  service  require  the  immediate  enlargement  of 
one  existing  department  and  the  creation  of  one  new  department  as 
•conditions  of  a  thorough  administration  of  the  national  affaii'B. 
The  industrial  forces  of  the  country,  although  so  rapidly  strength- 
ening, would  acquire  yet  greater  efficiency  if  mai*sballed  and  di- 
rected with  the  utmost  possible  skill,  and  the  important  scientific 
agencies  ali^ady  at  work  by  congressional  authority,  and   which, 
during  the  past  quarter  of  a  century  have  at  once  contributed 
much  to  the  growth  of  our  industries  and  to  the  advancement  of 
science,  would  become  still  more  useful  and  successful  if  moving 
in  full  harmony  and  efficiency  under  one  directing  head. 

I  am  not  unmindful  that  a  congressional  commission,  formed  by 
able  statesmen,  to  consider  and  recommend  a  measure  for  the 
most  advantageous  association  of  the  various  scientific  organiza- 
tions of  the  government,  is  now  at  work  upon  this  problem ;  that 
the  National  Academy  of  Sciences  has  recommended  to  this  com- 
mission a  definite  measure  of  this  sort,  to  wit,  ^^  the  organization  of 
a  permanent  commission  to  prescribe  a  general  policy  for  each  of 
these  bureaus  " — such  commission  to  be  composed  of  a  secretary 
of  one  of  the  departments  of  the  government,  the  president  of  the 
National  Academy  of  Sciences,  the  heads  of  the  scientific  bureaus 
embraced,  a  professor  of  mathematics  from  the  Naval  Observatory, 
an  officer  of  the  Engineer  Corps,  and  two  citizens  of  the  United 
States,  eminent  as  scientific  men,  to  be  appointed  by  the  Pi^esident, 
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and  that  very  able  gentlemen  who  have  given  much  thought  to  this 
subject,  and  who  deeply  realize  its  importance,  including  espe- 
cially the  learned  Director  of  the  Geological  Survey  of  the  United 
States,  have  reached  yet  other  conclusions  as  to  the  best  means  of 
accomplishing  the  desired  objects.  But  I  do  not  find  in  these 
recommendations  anything  to  essentially  modify  the  views 
herein  presented — views  fully  outlined  several  years  ago,  while 
the  writer  was  engaged  at  Washington  upon  a  critical  study  of  the 
civil  service,  and  since  only  strengthened  by  further  observation 
and  reflection.  In  other  words  I  find  in  none  of  them  the  state- 
ment of  any  fact  or  principle  essentially  opposed  to  the  more  na- 
tional, simple  and  historical  way  of  meeting  this  case  by  placing 
all  those  organizations  under  one  ministerial  head. 

All  other  methods  are  certainly  open  to  serious  objections  be- 
sides the  capital  one  of  divided  responsibility,  and  appear  to 
have  been  offered  rather  as  a  temporary  expedient,  a  compromise 
between  what  is  and  what  should  be,  on  account  of  doubts  whether 
Congress  could  be  induced  to  undertake  at  once,  what  so  mani- 
festly needs  to  be  done. 

A  coordination  of  the  scientific  bureaus  and  commissions  and 
their  supervision  by  a  mixed  commission  as  proposed  by  the  Nat- 
ional Academ3%  or  by  the  Regents  of  the  Smithsonian  Institution, 
led  by  the  very  able  and  eminent  executive  officer  of  that  noble 
organization,  as  suggested  by  the  distinguished  Director  of  the 
U.  S.  Geological  Survey,  might  well  be  an  improvement  upon  the 
present  order  of  things,  in  which  there  is  sometimes  needless  du- 
plication of  work  ;  in  which  work  may  be  undertaken  by  one  that 
could  be  better  done  by  another,  and  in  which  all  are  comparable 
rather  to  scattered  bands  of  scouts  and  skirmishers,  each  fighting 
in  its  own  way,  rather  than  to  a  great  and  thoroughly  organized 
army  moving  in  full  harmony  and  efficiency  under  one  command- 
ing general.  But  a  great  nation  should  legislate,  not  with  refer- 
ence to  special  circumstances  of  the  hour,  or  the  present  possible 
availability  of  an  exceptional  man  ;  it  should  rather  broadly  plan 
and  courageously  act  upon  just  general  principles  and  for  all  time. 

And  why  organize  the  scieniific  forces  outside  of  the  depart- 
ments of  the  government?  Why  refuse  to  science  and  education, 
those  foremost  factors  in  the  national  security,  prosperity  and  fu- 
ture glory,  the  dignity  of  ministerial  rank,  and  the  added  strength 
and  influence  that  would  attach  to  the  seal  of  a  great  department? 
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In  the  old  world  their  interests  are  accorded  honors  and  preroga- 
tives equal  to  those  accorded  to  war,  and  that  even  by  the  warlike 
powers  ;  and  shall  not  America,  whose  mission  it  is  to  give  to  her 
people  the  higliest  intelligence,  the  freest  and  best  individual  de- 
velopment and  the  utmost  material  prosperity,  as  well  as  to  pro- 
mote the  ascendency  of  peace  and  to  lend  all  the  nations  in  the 
grand  march  of  civilization — shall  not  this  great  republic,  still 
maintaining  two  full  departments  for  Mnrs,  at  last  in  like  man- 
ner exalt  Minerva  and  clothe  her  with  the  dignity  of  fullest  honors 
and  the  majesty  of  highest  powers. 

The  secretary  of  the  Department  of  Science  and  Education 
would  unquestionably  be  a  man  of  acknowledged  scientific  attain- 
ments, as  well  as  of  administrative  ability,  and  he  would  be  sup- 
ported by  a  board  of  councillors,  the  heads  of  bureaus,  whose  tried 
wisdom  and  large  experience  would  properly  reenforce  his  own. 
There  would  indeed  be  the  bare  possibility  of  an  occasional  arbi- 
trary change  of  men,  a  non-political  and  scientific  minister ;  but 
in  the  absence  of  political  reasons  and  with  the  growing  sentiment 
that  will  soon  come  to  enforce  a  reasonable  permanency  of  spec- 
ially qualified  and  faithful  non-political  public  servants,  it  may  be 
assumed  that  such  changes  would  be  of  rarest  occurrence,  except 
for  cause.  And  as  for  the  subordinates  in  such  a  department, 
being  universally  recognized  as  experts^  under  proper  civil  service 
regulations,  they  would  have  not  only  just  immunity  from  removal, 
but  would  have  opened  to  them  a  career  through  the  agency  of  a 
just  system  of  promotions  for  merit. 

Being  further  strengthened,  as  it  surely  would  be  by  the  friendly 
cooperation  and  encouragement  of  university,  college  and  private 
workers  in  every  branch  of  science,  who  can  foretell  the  power 
that  such  a  department,  so  organized  and  so  administered,  would 
become  for  the  advancement  of  science  and  the  furtherance  of  all 
the  great  interests  of  the  nation  ?  Every  other  department  would 
appeal  to  it  for  information  and  Congress  would  refer  to  it  difl3- 
cult  questions  requiring  a  profound  knowledge  of  science  for  their 
solution.  It  might,  indeed,  at  length  become  a  supreme  example 
and  authority  for  the  civilized  world. 

As  for  education,  it  would  find  itself  reinforced  by  a  legal  asso- 
ciation with  general  science  and  prove  itself  yet  more  efficient  than 
in  its  present  incongruous  relationship  with  interests  wboll}'  for- 
eign.   The  noble  work,  the  present  bureau  of  education  has  done 
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and  is  doing,  fully  justifies  the  claim  now  made  in  its  behalf  that 
it  be  thus  further  honored  and  empowered. 

In  view  of  all  these  considerations,  I  assume  that  a  full  investi- 
gation of  the  subject  of  this  paper  would  lead  to  the  following 
departmental  changes,  to  wit : 

1.  The  expansion  of  the  present  quasi  department  of  agricul- 
ture into  a  full  department  of  industry  and  commerce,  with  bu- 
reaus of  agriculture,  of  animal  industries,  including  fisheries,  of 
the  mechanical  industries,  including  mining,  of  commerce,  and  of 
industrial  statistics. 

2.  The  separation  from  existing  departments  of  all  such  bu- 
reaus and  commissions  not  essentially  belonging  to  them,  as  should 
be  embraced  in  a  department  of  science  and  education,  to  wit: 
The  bureau  of  the  coast  and  geodetical  surveys  ;  the  bureau  of  the 
geological  and  topographical  surveys  ;  the  bureau  of  meteorology, 
including  the  present  bureau  of  signal  service ;  the  national  ob- 
servatories, astronomical,  magnetic  and  electric,  and  the  national 
museums,  with  ministerial  supervision  of  all  charitable  institu- 
tions of  the  government,  not  essentially  connected  with  other  de- 
partments ;  a  bureau  of  public  works ;  a  bureau  of  economical 
investigation  for  inquiries  into  questions  of  labor,  subsistence 
and  public  health ;  the  bureau  of  education,  with  inspection  of 
all  schools  endowed  by  the  government  other  than  the  military  and 
naval  academies  ;  and  the  national  library. 

3.  The  further  equalization  of  executive  responsibilities  by 
the  transfer  of  the  Indian  Bureau  to  the  War  Department,  where, 
at  least  in  the  present  condition  of  the  Indians,  that  bureau  more 
properly  belongs,  and  where  its  affairs  could  be  more  economically, 
if  not  better  managed  than  under  the  Interior. 

A  systematic  organization  of  the  executive  departments  like 
that  proposed  would  unquestionably  increase  their  efficiency ; 
while  the  union  of  existing  educational  and  scientific  bureaus  un- 
der one  minister,  and  the  creation  de  novo  of  bureaus  of  commerce 
and  of  the  mechanical  industries,  in  connection  with  the  agricul- 
tural bureau,  as  constituents  of  one  administrative  department 
would  meet  important  demands  long  made  upon  the  country  and 
now  certain  to  be  made  with  increased  earnestness.  The  changes 
proposed  would  add  a  few  thousand  dollars,  and  only  a  few,  to 
the  present  accounted  cost  of  carrjing  on  the  government ;  but 
they  would  insure  a  service  so  much  better  as  to  repay  that  extra 
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co8t  many  fold,  besides  at  last  making  deserved  recognition  of 
important  industrial  scientific  and  educational  interests  hitherto 
either  wholly  or  in  part  neglected,  as  well  to  their  injury  as  to  the 
disadvantage  and  discredit  of  the  nation. 


Relative  values  of  human  voods.    By  Maj.  Henrt  E.  Alvobd, 
Houghton  Farm,  Mountainville,  New  York,  N.  Y. 

[ABSTRACT.] 

There  are  different  ways  of  comparing  human  foods  upon  the 
score  of  economy.  If  one  attempts  to  consider  at  once  their 
digestibility,  chemical  composition  and  usual  cost,  besides  other 
conditions  which  should  not  be  ignored,  the  problem  becomes 
very  complex.  It  is  hard  to  define  the  average  human  stomach, 
and  we  are  so  much  in  the  dark  on  the  questions  of  actual  propor- 
tions of  digestibility  in  different  forms  of  food,  that  it  is  safer  to 
drop  this  factor  than  to  include  it.  Chemical  knowledge  of  foods 
and  their  market  prices,  are  suflScient,  when  combined,  to  form  an 
interesting  study. 

The  basis  selected  for  comparison  is  all-important.  A  casual 
observation  shows  the  necessity  of  separating  foods  into  two  grand 
divisions,  animal  and  vegetable,  and  of  selecting  a  basis  for  each. 
If  any  food  could  be  found  in  common  use,  at  a  fairly  steady 
price  and  useful  only  for  its  protein,  the  direct  value  or  cost  of 
protein  could  be  determined.  This  being  impracticable,  a  stand- 
ard food,  like  average  ox-beef,  flesh  free  from  bone,  may  be  taken 
and  the  cost  of  protein  obtained  by  difference.  We  will  assume 
that  the  fats  of  average  beef  and  pure  lard  are  equivalent  in  nutri- 
tion and  wholly  digestible,  and  take  lard  at  12  cents  per  pound 
as  the  safest  base  for  animal  foods.  In  average  ox-beef  there  are 
5.2  per  cent  of  fats  and  23.4  per  cent  of  protein.  Placing  such 
beef  at  16  cts.  per  pound,  the  account  will  stand  thus  per  hundred- 
weight : 

100  lbs.    beef $  16.00 

5.2     ''     fat .624 

21.4    "    protein 15.376 
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From  these  figures  are  obtained  the  cost  of  nutrients  in  animal 
foods,  viz. : — protein,  72  cts.  pr.  lb. ;  fats,  12  cts. ;  carbohydrates, 
7  Cts. 

The  old  German  ratio  of  carbohydrates  and  fats  ofl:2.5so 
largely  adopted  in  this  country  was  never  fully  accepted  and  later 
investigations  show  its  inaccuracy.  We  are  well  supported  in 
substituting  1:1.75.  Therefore  to  get  carboh3^drates  from  fats, 
deduct  43  per  cent  from  the  latter. 

For  vegetable  foods,  the  potato  is  unquestionably  the  best  basis, 
and  the  price  per  bushel  is  taken  at  60  cts.  or  $1.00  per  cwt.  Four 
cents  is  assigned  as  the  value  of  the  unextracted  starch  and  the 
other  carbohydrates,  and  by  a  calculation  analogous  to  that  for 
beef,  potatoes  being  rated  as  about  20  per  cent  carbohydrates, 
the  value  of  nutritious  matter  in  vegetable  foods  is  fixed  thus : 

Protein,  10  cts.  per  lb. ;  carbohydrates,  4  cts.  per  lb. 

Based  upon  these  values,  the  following  table  has  been  compiled. 

It  gives  the  chief  nutrients,  the  value  and  average  price,  ap- 
proximately, of  100  pounds  of  thirty  common  articles  of  food,  half 
animal  and  half  vegetable.  The  fats  are  included  in  the  column 
headed  carbohydrates.  A  column  is  added  at  the  right  indicating 
by  the  signs,  plus  and  minus,  whether  the  usual  selling  price,  as 
stated,  is  more  or  less  than  the  food  value,  computed  as  above. 

[See  Table  on  next  page.] 

The  figures  for  the  chemical  composition  of  the  foods  named 
are  taken  from  such  authority  (see  appended  Note)  that  they 
can  hardly  be  questioned.  If  exceptions  are  taken  to  the  assumed 
prices  of  the  basic  articles,  it  is  manifest  that  by  a  simple  calcula- 
tion based  upon  actually  existing  market  rates,  the  columns  of 
food  values  may  be  easily  reconstructed  to  suit  any  given  locality. 
The  column  of  average  market  price  is  simply  for  illustration 
and  will  vary  with  time  and  place. 

This  inquiry  into  the  relative  value  of  human  foods  was  institu* 
ted  for  the  purpose  of  making  an  accurate  economic  comparison 
between  the  different  products  of  the  dairy  and  between  those  and 
standard  articles  of  diet.  Attention  is  invited  to  these  facts,  as 
exhibited  by  the  table. 
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COMPOSITION  AND  VALUE  OP  FOODS. 


FEB  ONE  HUNDRED  POUNDS. 


KAMB. 


8tandai*d  Co W8'  Milk 

Cows'  Milk  (average  all  kinds)... . 

Skimmed  Milk 

Butter-milk 

Cream 

Batter  

Fat  Cheese 

Average  Ox  Beef. 

Fat  Veal .^ 

Fat  Mutton 

Fat  Pork I 

Domestic  Fowl  (fat) 

Hens' Eggs 

Salmon 

Mackerel  

Cod  Fish  (dried) 

Oysters 

Fine  Wheat  Flonr 

Fine  Wheat  Bread 

Oat  Meal 

Potatoes 

Rice 

Beans 

Pease 

Cabbage 

Onions  (red)  * 

Tomatoes 

Cane  Sugar 

Honey • 

Apples 

Peaches 

Grapes 

Strawberries 

Dried  Apples 


Protein. 


Carbo- 
Hydrates 


400 
S  41 
306 
3  78 

3  70 
086 

37  16 

21  39 
18  SS 
14  80 

14  54 
18  49 

12  65 

13  10 
23  i2 
17  90 

4  95 
8  91 
682 

15  60 
1  79 

1  81 
23  66 

22  63 

2  95 
1  68 
1  26 
035 
1  29 
0  39 
0  65  ' 

0  69  I 

1  07  ' 
1  06  I 


10  62 

11  23 
6  15 
5  89 

48  51 
146  06 
65  78 
908 
13  89 
63  73 

65  35 
17  64 
21  74 

12  67 

11  83 
225 

3  27 
76  12 
63  69 
74  37 
20  84 
7S61 
63  10 

66  25 
0  24 

10  90 

4  66 
96  73 
81  43 

13  74 

12  57 
17  11 

8  48 
65  97 


Value. 


$3  54 
324 

2  63 
8  13 
606 

10  67 
23  46 
16  32 

14  67 

15  12 

16  04 
14  64 
10  56 
10  32 

17  69 
13  05 

3  97 
8  94 

2  83 

4  52 

1  01 
824 
444 
4  51 
0  66 
0  61 
0  31 

3  90 
3  39 
0  59 
0  57 
0  74 
0  45 

2  35 


Average 
Market  Price. 


$3  25 

2  79 
1  77 
1  77 

12  60 
25  00 

14  00 
16  82 

15  00 

15  00 
18  00 

16  00 
10  66 
80  00 
10  00 

800 
10  00 

3  00 
400 
3  00 
1  00 
600 
400 
6  00 

1  00 
200 

2  00 
6  00 

25  00 


a 
b 
c 
d 


o 


Price 

or 
lesft  — 
than 
value  s= 


+ 
+ 


+ 
+ 
+ 


+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 


Notes :— a,  7c.  per  qt.;  b,  6c.  per  qt.;  c,  4c.  per  qt.;  d,  4c.  per  qt.;  e,  16c.  per  doz. 
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Skim-roilk,  butter-milk  and  cheese  at  their  usual  retail  prices, 
are  cheaper  as  nutritious  food  than  any  other  articles  on  the  list, 
and  are  approached  in  this  respect  only  by  fresh  mackerel  and  dried 
cod-fish.  On  the  contrary,  butter  costs  two  or  three  times  its 
real  food  value,  and  often  more.  What  shall  be  said  of  domestic 
economy  in  America,  where  more  butter  and  less  cheese  are 
consumed  per  capita  than  in  any  other  nation  incur  zone?  And 
of  the  government  of  some  our  great  cities  where  Boards  of  Health 
absolutely  prohibit  the  sale  of  skimmed  milk  and  actually  destroy  all 
that  can  be  found  ?  Of  butchers'  meats,  pork  and  mutton  are  the 
cheapest  and  veal  the  dearest.  Of  fish,  mackerel  is  the  cheapest 
while  salmon  and  oysters  are  about'*  as  dear  relatively  as  butter. 

Eggs  generally  sell  at  their  full  food  value.  Wheat^flour,  oat- 
meal and  beans  are  the  cheapest  forms  of  vegetable  food,  nearly 
all  other  vegetables  (except  potatoes)  as  well  as  the  fruits,  costing 
more  than  they  are  worth  for  their  nutritive  properties  alone. 

General  note  :  Additional  Tables  have  been  prepared  to  accom- 
pany the  foregoing  on  the  same  plan,  but  with  several  additional 
columns  for  chemical  composition,  embracing  also  every  known 
article  of  human  food.  As  illustrating  their  completeness,  this 
classified  summary  is  given :  flesh,  19  articles;  fish,  14  articles; 
fowl,  eggs  and  game,  12  articles;  dairy  products,  18  articles; 
cereals  and  legumes,  10  articles;  flour,  meal,  bread,  etc.,  17 
articles ;  vegetables,  20  articles ;  fruits,  20  articles,  and  sweets 
6  articles  :  in  all  135  articles.  To  these  have  been  added  a  Table, 
giving  the  amounts,  composition  and  nutritive  ratio  of  food  actually 
consumed  by  persons  of  different  ages  and  in  varied  occupations,  as 
observed  in  b2  individuals.  All  these  Tables  are  compilations  on- 
ly and  are  mainly  translated  from  the  work  of  Dr.  J.  Koenig  entitled 
Zu^mmcnsetzung  der  menschliclien  Nahrungs  und  Genusmittel. 

Dr.  Koenig  collected  his  analyses  from  the  best  chemists,  naming 
his  authorities,  and  in  most  cases  gives  the  mean  of  a  number  of 
analyses,  — as  for  example,  37  for  beef,  184  for  wheat,  70  for 
potatoes,  57  for  sugar,  17  for  apples,  89  for  butter,  100  for  cheese 
and  339  for  milk.  The  labor  of  translation,  with  the  recalculation 
of  weights,  values,  etc.,  and  careful  verification,  has  been  performed 
by  Mr.  F.  E.  Emery,  B.S.,  of  Maine,  my  principal  assistant  in  the 
Experiment  Department  of  Houghton  Farm. 
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Cown*  M-Ik  .  iTera*e  xH  i-aiia. 

Ssiniiited  M^  .........  .......... 

B<2CcrHB.Lc 

Cre: 


Wat  Cbcese 

AT'engc  Ox  Beef.... 

Fat  Veal 

FatMuUoa 

Fat  Pork r... 

Domestic  Fowl  Jst^ 

HcD^E^gs 

Salmon...- 

Mackerel 

Cod  Fi«h  (dried, .... 

Ojster* 

Fine  Wheat  Flonr... 
Fine  Wbeat  Bread  .. 

Oat  Meal 

Potatoes 

Bice 

Beana 

PeaAe 

Cabbage • 

OnfoiiA  (red)  # 

Tomatoes 

Cane  Sugar 

Boney 

Apples 

Peaches 

Grapes 

Strawberries 

Dried  Apples 


4  '•  .  - 

•  :-it«- 

Tiima. 

Market  Priee  ▼aJ»e  = 

4« 

Id  S 

•3  54 

»s» 

a              ^ 

3  41 

113 
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2  79 

b               — 

3  0h' 

9  13 
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1  7T 

c              — 
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5  » 

3  II 

1  TT 

d              — 

3711 

tf  31 
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ST  W 
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23  #; 
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— 

51  5> 

»<» 

iss 

M3S 

s= 

I?  S^ 

U  » 

14  57 
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14  ik 

16  CO 
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U  K 
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e            + 

u  la 

12  T 

10  32 

30  00 

+ 

23  12 
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IT  69 

10  00 

— 

IT  so 

225 

U  06 

800 

— 

4  96 

3*T 

3  97 

10  00 

+ 

8  91 

T6  12 

394 

300 

— 

6  93 

5J<S9 

283 

400 

+ 

15  90 

74  3T 

4  tt 

300 

— 

1  T9 

20  Hi 

1  01 

100 

^ 

1  51 

TS6I 

3  24 

600 

+ 

83  56 

Sf*  10 

4  44 

400 

— 

23  C3 

56  25 

4  51 

500 

+ 

2» 

9  21 

0  66 

1  00 

1 

+ 

1  €S 

10  99 

0  61 

200 

+ 

1  25 

466 

0  31 

2  00 

+ 

035 

96  73 

3  90 

6  00 

+ 

1  29 

81  43 

3  39 

25  00 

+ 

039 

13  74 

0  50 

+ 

0  G5 

12  57 

0  57 

+ 

0  59 

17  11 

0  71 

+ 

1  07 

8  48 

0  45 

+ 

1  06 

55  97 

S  S5 

1 

+ 
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Skim-milk,  butter-milk  and  cheese  at  their  usual  retail  prices, 
are  cheaper  as  nutritious  food  than  any  other  articles  on  the  list, 
and  are  approached  in  this  respect  only  by  fresh  mackerel  and  dried 
cod-fish.  On  the  contrary,  butter  costs  two  or  three  times  its 
real  food  value,  and  often  more.  What  shall  be  said  of  domestic 
economy  in  America,  where  more  butter  and  less  cheese  are 
consumed  per  capita  than  in  any  other  nation  incur  zone?  And 
of  the  government  of  some  our  great  cities  where  Boards  of  Health 
absolutely  prohibit  the  sale  of  skimmed  milk  and  actually  destroy  all 
that  can  be  found  ?  Of  butchers'  meats,  pork  and  mutton  are  the 
cheapest  and  veal  the  dearest.  Of  fish,  mackerel  is  the  cheapest 
while  salmon  and  oysters  are  abouf'as  dear  relatively  as  butter. 

Eggs  generally  sell  at  tlieir  full  food  value.  Wheat^flour,  oat- 
meal and  beans  are  the  cheapest  forms  of  vegetable  food,  nearly 
all  other  vegetables  (except  potatoes)  as  well  as  the  fruits,  costing 
more  than  they  are  worth  for  their  nutritive  properties  alone. 

General  note  :  Additional  Tables  have  been  prepared  to  accom- 
pany the  foregoing  on  the  same  plan,  but  with  several  additional 
columns  for  chemical  composition,  embracing  also  every  known 
article  of  human  food.  As  illustrating  their  completeness,  this 
classified  summary  is  given :  flesh,  19  articles ;  fish,  14  articles ; 
fowl,  eggs  and  game,  12  articles;  dairy  products,  18  articles; 
cereals  and  legumes,  10  articles;  flour,  meal,  bread,  etc.,  17 
articles ;  vegetables,  20  articles ;  fruits,  20  articles,  and  sweets 
5  articles :  in  all  135  articles.  To  these  have  been  added  a  Table, 
giving  the  amounts,  composition  and  nutritive  ratio  of  food  actually 
consumed  b}'  persons  of  different  ages  and  in  varied  occupations,  as 
observed  in  b2  individuals.  All  tiiese  Tables  are  compilations  on- 
ly and  are  mainly  translated  from  the  work  of  Dr.  J.  Koenig  entitled 
Zu^mmensetzung  der  menschlichen  Nahrungs  und  Genusmittel. 

Dr.  Koenig  collected  his  analyses  from  the  best  chemists,  naming 
his  authorities,  and  in  most  cases  gives  the  mean  of  a  number  of 
analyses,  — as  for  example,  37  for  beef,  184  for  wheat,  70  for 
potatoes,  57  for  sugar,  17  for  apples,  89  for  butter,  100  for  cheese 
and  339  for  milk.  The  labor  of  translation,  with  the  recalculation 
of  weights,  values,  etc.,  and  careful  verification,  has  been  performed 
by  Mr.  F.  E.  Emery,  B.S.,  of  Maine,  my  principal  assistant  in  the 
Experiment  Department  of  Houghton  Farm. 
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Ak  illustration  of  a  mkthod  of  teaching  elkmbntart  scienck 
IN  Gramhar  Schools.  Bj  Prof.  Ellen  H.  Richards,  Massa- 
chusetts Institute  of  Technology,  Boston,  Mass. 

The  subject  was  minerals,  their  composition  and  physical  char- 
acteristics. Each  child  had  the  specimen  in  hand.  The  intention 
was  to  show  that  simple  elementary  principles  may  be  grasped  by 
children  of  ten  to  twelve  years  of  age  and  that  it  is  easier  for 
them  than  for  older  pupils. 


Citt    goyernhent.      By  C.  Raexelin,  Dent,  Cincinnati,  Ohio. 

[Summary  of  paper.] 

Question  of  great  importance,  especially  in  the  United  States. 
Party  misgovernment  exists  in  the  place  of  right  government. 
Turn  intuitively  to  ancient  cities  for  comparative  inquiry.  Old 
history  is  city  histoiy. 

City  government  in  the  middle  ages  in  Germany,  Italy,  Nether- 
lands, Great  Britain.     Colonial  city  government. 

City  government  in  modem  J&urt>p€ ;  France,  Germany,  Great 
Britain,  Spain,  Austria,  Hungary. 

City  government  in  modem  America.  The  indifference  and  ill 
will  of  the  framers  of  American  government  to  cities.  John 
Adams,  Thomas  Jefferson,  and  Andrew  Jackson*s  remarks.  The 
surrender  of  constitutional  government  to  party  government.  •  Its 
fatal  results. 

Eemedy  lies  chiefly  in  constitutional  reform.  Cities  must  be 
integral  constitutional  elements,  and  so  named  in  constitutions. 
Must  not  be  open  to  arbitrary  legislative  changes.  State  govern- 
ment must  not  interfere  beyond  general  supervision  and  it  must 
be  rather  executive,  administrative  and  disciplinary,  than  legis- 
lative or  judicial.  There  should  be  also  a  national  city  council  for 
unification  of  city  government  and  the  laws  thereon.  Cities  must 
attain  their  national  standing.     Every  city  is  of  importance  to 
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more  than  one  state.  Therefore,  city  laws  and  city  government 
must  be  guaranteed  against  the  arbitrary  legislation  of  one  state. 
Conduaion.  City  government  needs  readjustment  in  all  its 
relations  to  oth^  bodies  politic.  City  government  must  be  re- 
constructed on  the  unit  basis.  Unity  of  government,  unity  in 
administration,  unit}*^  in  finance,  unity  in  conducting  it  on  the 
highest  ideal  state  reason. 


The   science  of  statistical    analysis.     By  Charles  S.  Hill, 
State  Department,  Washington,.  D.  C. 

The  Sciences  are  becoming,  as  they  should  be,  the  feature  of 
education.  Not  that  the  classics  must  go,  but  that  the  sciences 
must  come ;  between  these  two  classes  in  our  colleges,  and  in  our 
social  and  public  relations,  there  is  at  present  an  evidence  of 
feeling  akin  more  to  bitterness  than  to  reason. 

The  classic  scholar  has  for  so  long  a  period  ignored  the  greater 
importance  and  classification  of  scientific  branches  of  knowledge 
that  the  modesty  of  the  student,  seeking  skilfully  the  develop- 
ment of  practical  industry  at  home,  and  commercial  relations  with 
foreign  countries,  has  unjustly  and  injuriously  kept  back  much 
benefit  to  the  masses  of  mankind  and  rational  principles  of  reason. 

The  beautiful  accomplishment  of  a  proficiency  in  interchanging 
thought  and  salutation  in  a  common  language  gives  grace,  ease, 
and  elegance  to  intercourse  in  society,  in  travelling,  in  diplomacy, 
and  in  many  associations,  as  well  as  in  study,  but  it  is  likewise  a 
burden  if  allowed  to  obstruct  the  progress  of  industry. 

It  is  in  the  education  of  the  masses  that  the  power  of  a  nation 
lies  ;  that  the  light  of  knowledge  burns  brightest  and  incessantly 
for  the  benefit  of  mankind. 

And  even  in  the  gradual  advance  of  science  to  the  foremost  rank 
of  study  there  has  been  too  much  disposition  to  disregard  the 
many  distinctive  branches,  and  particularly  the  very  rudiments 
of  this  standard  of  knowledge,  even  as  the  classic  scholar  has  dis- 
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An  illustration  of  a  mkthod  of  teaching  elemektart  science 
IN  Grammar  Schools.  By  Prof.  Ellen  H.  Richards,  Massa- 
chusetts Institute  of  Technology,  Boston,  Mass. 

The  subject  was  minerals,  tiieir  composition  and  physical  char- 
acteristics. Each  child  had  the  specimen  in  hand.  The  intention 
was  to  show  that  simple  elementary  principles  may  be  grasped  by 
children  of  ten  to  twelve  years  of  age  and  that  it  is  easier  for 
them  than  for  older  pupils. 


CiTT    GOVERNMENT.      By  C.  Raemelin,  Dent,  Cincinnati,  Ohio. 

[Summary  of  paper.] 

Question  of  great  importance,  especially  in  the  United  States. 
Party  misgovernment  exists  in  the  place  of  right  government. 
Turn  intuitively  to  ancient  cities  for  comparative  inquiry.  Old 
history  is  city  history. 

City  government  in  the  middle  ages  in  Germany,  Italy,  Nether- 
lands, Great  Britain.     Colonial  city  government. 

City  government  in  modem  Europe :  France,  Germany,  Great 
Britain,  Spain,  Austria,  Hungary. 

City  government  in  modei*n  America,  The  indifference  and  ill 
will  of  the  framers  of  American  government  to  cities.  John 
Adams,  Thomas  Jefferson,  and  Andrew  Jackson*8  remarks.  The 
surrender  of  constitutional  government  to  party  government.  *  Its 
fatal  results. 

Remedy  lies  chiefly  in  constitutional  reform.  Cities  must  be 
integral  constitutional  elements,  and  so  named  in  constitutions. 
Must  not  be  open  to  arbitrary  legislative  changes.  State  govern- 
ment must  not  interfere  beyond  general  supervision  and  it  must 
be  rather  executive,  administrative  and  disciplinary,  than  legis- 
lative or  judicial.  There  should  be  also  a  national  city  council  for 
unification  of  city  government  and  the  laws  thereon.  Cities  must 
attain  their  national  standing.     Every  city  is  of  importance  to 
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more  than  one  state.  Therefore,  cit}'  laws  and  city  government 
must  be  guaranteed  against  the  arbitrary  legislation  of  one  state. 
Conclusion.  City  government  needs  readjustment  in  all  its 
relations  to  oth^  bodies  politic.  City  government  must  be  re- 
constructed on  the  unit  basis.  Unit}*  of  government,  unity  in 
administration,  unit}'-  in  finance,  unity  in  conducting  it  on  the 
highest  ideal  state  reason. 


The   science  of  statistical    analysis.     By  Charles  S.  Hill, 
State  Department,  Washington,.  D.  C- 

The  Sciences  are  becoming,  as  they  should  be,  the  feature  of 
education.  Not  that  the  classics  must  go,  but  that  the  sciences 
must  come ;  between  these  two  classes  in  our  colleges,  and  in  our 
social  and  public  relations,  there  is  at  present  an  evidence  of 
feeling  akin  more  to  bitterness  than  to  reason. 

The  classic  scholar  has  for  so  long  a  period  ignored  the  greater 
importance  and  classification  of  scientific  branches  of  knowledge 
that  the  modesty  of  the  student,  seeking  skilfully  the  develop- 
ment of  practical  industry  at  home,  and  commercial  relations  with 
foreign  countries,  has  unjustly  and  injuriously  kept  back  much 
benefit  to  the  masses  of  mankind  and  rational  principles  of  reason. 

The  beautiful  accomplishment  of  a  proficiency  in  interchanging 
thought  and  salutation  in  a  common  language  gives  grace,  ease, 
and  elegance  to  intercourse  in  society,  in  travelling,  in  diplomacy, 
and  in  many  associations,  as  well  as  in  study,  but  it  is  likewise  a 
burden  if  allowed  to  obstruct  the  progress  of  industry. 

It  is  in  the  education  of  the  masses  that  the  power  of  a  nation 
lies ;  that  the  light  of  knowledge  burns  brightest  and  incessantly 
for  the  benefit  of  mankind. 

And  even  in  the  gradual  advance  of  science  to  the  foremost  rank 
of  study  there  has  been  too  much  disposition  to  disregard  the 
many  distinctive  branches,  and  particularly  the  very  rudiments 
of  this  standard  of  kiK)wledge,  even  as  the  classic  scholar  has  dis- 
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regarded  the  inalt]plicit3'^,  and  often  the  most  important  base,  of 
languages. 

Content  with  the  acquirement  of  a  science,  the  student  often  glo- 
ries in  the  knowledge  of  a  principle  without  according  his  know!- 
ledge  to  the  scientific  system  of  research  through  the  labyrinths  of 
natural  matter  and  anal3'sis  of  statistical  data  by  means  of  which 
knowledge  is  attained,  and  in  many  instances,  it  must  be  said  with 
regret,  without  a  willingness  even  to  acknowledge  that  the  system 
of  analysis  is  a  distinct  and  most  important  science — much  less  the 
rudiment  of  all  sciences ! 

The  science  of  statistical  analysis  is  paramount  in  the  importance 
of  correctness  of  result  and  satisfactory  comprehension  of  how 
that  result  can  be  verified.  The  analysis  of  oflScial  statistical  data 
is  mining  in  mountains  of  precious  metals  —  a  miner's  labor  in 
separating  the  gold  from  the  sulphurets. 

The  labor  of  such  work  is  purely  and  indisputably  a  science  of 
the  highest  order.  To  separate  and  group  together  the  figures  and 
facts  of  greatest  value,  exhibiting  and  analyzing  the  wealth  of  hid- 
den knowledge,  and  interweaving  chains  of  social  problems  with 
golden  truths — otherwise  left  buried  from  view — which  glisten  the 
brighter  when  contrasted  with  the  brassy  alloys  of  sophistry  or 
the  counterfeit  representations  of  fallacy,  is  a  science  without  a  peer. 

The  definition  of  science,  says  Professor  Fowler,  of  Oxford, 
"  is  the  filiation  of  causes  through  the  common  observation  to 
things  bevond." 

Accepting  the  expression  of  Professor  Fowler,  we  must  accept, 
as  the  corner-stone  of  all  sciences,  arithmetic,  the  only  basis  upon 
which  we  may,  with  that  second  stone  of  science,  logic,  found  an 
article  on  political  economy,  which,  as  a  knowledge,  is  far  more 
powerful  in  influence,  effective  in  application,  and  brilliant  as  well 
as  bountiful  in  results. 

To  be  thus  effectual  and  bountiful  in  results, delicate  distinction 
between  like  and  unlike  conditions  is  essential ;  similia  similihus 
curantur  is  a  faithful  precept ;  but  the  application  of  like  doctrine 
to  cure  evil  or  to  guide  our  course  merely  upon  general  principles 
is  the  most  fatal  error  into  which  a  people  may  fall  especially  in 
economics. 

While  the  first  object  of  the  student  is  to  find  the  origin  of  his 
subject,  his  great  error,  like  that  of  some  '*  professors  "of  tlieo* 
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retical  economy^  is  in  applying  the  derivations  of  terms  to  their  rea- 
soning rather  than  in  pursuing  the  pure  science  of  defining  the 
cause  that  must  vrovk  the  results. 

But  neither  science,  arithmetic  nor  logic,  can  produce  food  or 
the  other  necessaries  of  life ;  it  requires  good  sense  and  reason 
which  practical  experience  alone  can  give,  to  apply  rules  or  prin- 
ciples to  trading  and  economy. 

To  draw  these  thoroughly  into  harmonious  unity  of  action  incur 
individual  daily  life  is  not  only  advisable,  but  essential  to  our 
prosperity,  and,  therefore,  we  must  look  particularly  into  the  causes 
which  create  results  rather  than  into  the  etymology  of  words  or 
rules  of  syntax,  and  not  forget  to  reason  upon  science  with 

**  Good  sense,  whicli  is  alone  the  gift  of  Heaven, 
And — though  no  science — fairly  worth  the  seven." 

Statistical  science,  applied  to  social  phenomena,  enables  us  to 
comprehend  facts  which  to  the  unthinking  are  incredible.  One 
fact  is  worth  one  hundred  theories.  No  greater  misnomer  can 
be  applied  to  him  who  "  has  no  time  "  for  such  data  than  the  word 
"  practical. " 

Nor  should  it  be  considered  that  the  logic  of  statistics  belongs 
alone  to  scientists.  It  is  an  essential  in  the  education  of  every  man 
who  desires  to  arrange  his  study  or  regulate  his  own  business  cor- 
rectly. It  is  as  important  to  possess  this  safeguard  or  guide  through 
the  numerous  channels  of  occupation  in  life  as  the  chart  is  to  guide 
the  mariner  through  the  entrance  to  his  harbor. 

How  necessary,  then,  is  the  systematic  preparation  of  official 
statistical  data  from  all  parts  of  the  world,  and  how  much  more 
necessary  that  the  analysis  of  such  data  should  be  made  and  is- 
sued authoritatively,  that  our  manufacturers,  merchants,  and,  in- 
deed, our  whole  people,  may  be  assured  that  the  information  they 
receive  is  not  deceiving. 

For  more  than  a  hundred  years  the  Government  of  the  United 
States  failed  to  appreciate  fully  the  Consul  as  a  factor  in  the  great 
work  of  protecting  and  enlarging  the  foreign  commerce  of  the 
country. 

And  yet  the  principal  idea  held  by  the  founders  of  our  Republic, 
when  creating  the  consular  service,  was  the  development  of  inter- 
national trade  through  the  medium  of  agents  of  the  United  States 
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COMPOSITION  AND  VALUE  OP  FOODS. 


FEB  OUR  H17MDRED  POUNDS. 


NAME. 


Standard  CowB' Milk 

Cows'  Milk  (average  all  kinds). . . . 

SKimmed  Milk 

Butter-milk 

Cream 

Butter  

Fat  Cheese 

Average  Ox  Beef. 

Fat  Veal .^ 

Fat  Mutton 

Fat  Pork .' 

Domestic  Fowl  (fat) 

Hens'  Eggs 

Salmon 

Mackerel 

Cod  Fisb  (dried) 

Oysters 

Fine  Wheat  Floor 

Fine  Wheat  Bread 

Oat  Meal 

Potatoes 

Rice 

Beans 

Pease 

Cabbage 

Onions  (red) 

Tomatoes 

Cane  Sugar 

Honey 

Apples 

Peaches 

Grapes 

Strawberries 

Dried  Apples 


Protein. 


400 
8  41 
806 
8  78 
8  70 
086 
27  16 

21  39 
18  8d 
14  80 

14  54 
18  49 

12  55 

13  10 
23  12 
17  90 

4  96 
8  91 
682 

15  50 
1  79 

1  81 
23  56 

22  63 

2  95 

I 
1  68 

1  25  ' 

035  ' 

1  29  I 

039  ' 

0  65  ' 

0  59  ' 

1  07  ; 
1  06  • 


Carbo- 
Bydrates 


10  52 

11  23 
6  15 
5  89 

48  51 
146  05 
65  78 
906 
13  89 
63  73 
65  85 
17  54 
21  74 

12  67 

11  83 
225 
8  27 

76  12 
53  69 
74  87 
20  94 
7S61 
52  10 
56  25 

0  24 
10  99 

4  66 
96  73 
81  48 

13  74 

12  57 
17  11 

8  48 
55  97 


Value. 


$3  54 
824 

2  63 
8  13 
606 

10  67 
23  46 

16  32 

14  57 

15  12 
15  04 
14  54 
10  50 
10  32 

17  69 
13  05 

3  97 
8  94 
283 

4  52 

1  01 

3  24 

4  44 
4  51 
0  66 
0  61 
0  81 
8  00 
3  39 
0  59 
0  57 
0  74 
0  45 

2  85 


Avernfre 
Market  Price. 


$3  25 

2  79 
1  77 
1  77 

12  50 
25  00 

14  00 
16  83 

15  00 

15  00 

13  00 

16  00 
10  65 
80  00 
10  00 

800 

10  00 

800 

4  00 

3  00 
1  00 
600 
400 
600 
1  00 
200 
200 
600 

25  00 


a 
b 
c 
d 


Price 

rtr+ 

or 

Ipsb  — 

than 

value  ^ 


+ 

+ 


+ 
+ 

+ 


+ 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


Notes:— a,  7o.  per  qt.;  b,  6c.  per  qt.;  c, 4c.  per  qt.;  d,  4c.  per  qt.;  e,  16c. per  do2. 
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ticularly  from  their  old  date,  and  from  the  natural  absence  of 
incentive  to  the  consul,  especially  in  the  practical  utility  of  his 
work  or  appreciation  by  the  public,  which  always  stimulates  pride 
and  correctness. 

In  the  spring  of  1880  the  Department  of  State  made  strenuous 
efforts  to  remedy  this  evil  and  utilize  this  vast  field  of  information 
by  more  frequent  and  immediate  publication  of  special  and  se- 
lected reports,  as  referred  to  above,  relating  to  every  industry  and 
every  condition  of  other  nations,  whereby  our  own  social  and  in- 
dustrial conditions  might  be  advanced. 

To  accomplish  this  work  was  at  first  a  great  difficulty,  but 
finally,  through  earnest  efforts  and  determination^  the  exhumation 
of  the  consul  from  obscurity  to  conspicuousness — his  revival  from 
inaction  to  usefulness — was  effected  through  this  channel  of  com- 
munication that  enables  him  to  show  himself  publicly  according  to 
his  real  merit,  and  serve  his  country  practically. 

Thus  for  about  four  years  this  system  has  been  tried  in  a  very 
small  way.  Jn  this  short  time  that  department  has  daily  received 
letters  from  scientists  of  all  branches,  from  senators  and  members  of 
Congress,  from  industrial,  educational,  and  other  corporate  bodies, 
from  private  individuals,  home  and  foreign,  attesting  the  value  of 
these  publications,  and  requesting  that  more  copies,  if  possible,  be 
supplied  ;  which  request,  however,  has  been  only  partially  complied 
with  out  of  the  limited  issue  of  10,000  copies,  4,000  of  which 
are  supplied  to  Congress,  and  about  2,000  to  consuls,  an  average 
of  10  each  to  the  former  and  3  each  to  the  latter ;  the  remainder 
being  demanded  by  the  press,  merchants,  and  laboring  masses. 

Wlien  it  is  taken  into  consideration  that  every  report,  previous 
to  publication,  has  to  be  copied,  revised,  condensed,  often  corrected, 
and  sometimes  rewritten,  the  labor  incident  thereto  can  be  appre- 
ciated, and  not  even  then  to  its  full  extent,  save  by  men  who  have 
experience  in  the  work  of  statistical  analyses. 

The  scope  of  the  field  of  information,  as  set  forth  in  the  require- 
ments of  consular  regulations,  1881,  article  27,  paragraph  556,  em- 
braces the  following  industries,  viz. : 

1.  Agriculture. 

2.  Manufactures. 

3.  Mining. 

A.  A.  A.  S.,  VOL.  XXXIY.  38 
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4.  Fisheries. 

5.  Forestry. 

6.  Commerce  and  Navigation. 

7.  Revenues. 

8.  Miscellaneous,  covering  the  conditions  and  peculiarities  in 
business  and  habits  of  the  several  peoples  of  the  world,  viz.,  pop- 
ulation, emigration,  labor,  wages,  prices  of  food  and  living. 

The  last  three  Secretaries  of  State,  Messrs.  Evarts,  Blaine  and 
Frelinghujsen,  under  whose  supervision  and  direction  this  labor 
has  been  performed,  have  fully  appreciated  these  difficulties  and 
have  repeatedly  called  Congressional  attention  to  the  same  and 
asked  for  sufficient  provisions  to  enable  that  department  to  carry 
out  this  new  system  to  its  most  profitable  extent  and  in  order 
to  meet  the  petitions  of  the  commercial  community,  made  to  the 
department,  in  this  endeavor. 

It  is  hardly  possible  to-day  to  meet  and  converse  with  a  bus- 
iness or  literary  man  from  or  in  any  city  of  our  country  who  will 
not  in  some  way  speak  of  the  benefit  or  pleasure  he  has  derived 
from  this  systematic  preparation  and  publication  of  official  mat- 
ter and  data.  Contrast  the  benefit  of  the  system  of  education  and 
scientific  analysis  with  the  circumscribed  condition  and  narrow- 
mindedness  of  the  classic  Turkish  Cadi,  Imaum  Ali  Zade,  in  reply 
to,  and  as  given  to  the  public  by  Mr.  Layard,  regarding  the  indus- 
try and  commerce  of  Constantinople  : 

**  The  thin^  yoa  ask  of  me  is  both  difficult  and  useless.  Although  I 
have  passed  all  my  days  in  this  place,  I  have  neither  counted  the  houses, 
uor  have  I  inquired  into  the  number  of  inhabitants ;  and  as  to  what  one 
person  loads  on  his  mules,  and  another  stows  away  in  the  bottom  of  his 
ship,  that  is  no  business  of  mine.  But,  above  all,  as  to  the  previous 
of  this  city,  God  only  knows  the  amount  of  dirt  and  confusion  that  the  in- 
fidels may  have  eaten  before  the  coming  of  the  sword  of  Islam.  It  were 
unprofitable  for  us  to  inquire  into  it.  O  my  soul!  O  my  Iamb!  seek 
not  after  the  things  which  concern  thee  not.  Thou  earnest  unto  us  and 
we  welcomed  thee :  go  in  peace." 

Such  contractedness  of  mind  and  illiberality  are  too  apt  to  pre- 
vail even  with  a  few  nearer  our  own  home,  but  as  "  the  sciences 
must  come,"  so  will  analysis  of  the  several  sciences  from  rudiment 
to  maturity,  and  their  results  be  properly  and  justly  classified. 
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The  science  of  statistics  may  be  credited  to  Sir  Wm.  Petty,  of 
England,  as  its  founder  about  the  year  1650,  but  was  first  system- 
ized  by  Gottfried  Achenwall,  of  Germany,  a  century  later,  who 
gave  the  name  of  Staat  to  his  labor  of  love,  and  his  noble  pur- 
poses have  been  matured  and  wonderfully  advanced  by  Quetelet, 
of  Belgium ;  £ngel,  of  Dresden ;  Rouher,  of  France ;  Bodio,  of 
Italy  ;  Neumann  Spellart,  of  Austria ;  Giffin,  Bourne,  and  Levi ; 
Farr,  of  England  ;  and  their  names  will  soon  be ''  legion/'  and  the 
world  will  be  all  the  wiser  for  the  work  of  those 

Statists,  indeed! 
*'  And  lovers  of  their  country." 

Germany  and  England  were  the  primogenitors  of  this  science, 
the  great  value  of  which  is  now  being  appreciated  by  the  civilized 
world.  Nothing  could  be  more  forcible,  more  beautiful,  or  more 
appropriate  here  than  the  words  of  the  Prince  Consort  Albert  in 
opening  the  statistical  Congress  in  London  in  1860 : 

'*Happy  and  proud  indeed  should  I  feel  If  this  noble  gathering  should  bo 
enabled  to  lay  the  solid  foundations  of  an  edifice,  necessarily  slow  of  cori' 
structionj  and  requiring  for  generations  to  come  laborious  and  persevering 
exertions,  intended  as  it  is  for  the  promotion  of  human  happiness  by  lead* 
ing  to  the  discovery  of  those  eternal  laws  upon  which  universal  happiness 
is  dependent." 

These  noble  words  are  republican  in  sentiment,  although  born 
of  a  royal  mind. 

Is  not,  then,  statistical  analysis  the  foundation  of  every  science, 
the  development  of  all  good,  the  exposition  of  all  bad?  and  may 
we  not  hope  for  the  sake  of  truth  and  practical  usefulness  and  com* 
mon  sense^ rather  than  theoretical  sophistry,  that  this  science  may 
in  our  colleges  and  universities  be  particularly 

**  Tutored  in  the  rudiments 
Of  many  desperate  studies?" 
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The  pbesent  status  and  future  prospects  of  silk  culture 
IN  THE  United  States.  By  Prof.  C.  V.  Riley,  U.  S.  Eutomol- 
ogist,  Washington,  D.  C. 

[abstract.] 
The  subject  is  discussed  under  the  following  heads : 

1.  The  adaptability  of  the  United  States  to  silk  cultui*e. 

2.  Silk  culture  in  the  Gulf  States. 

3.  Silk  culture  on  the  PaciGc  Coast. 

4.  Profits  of  silk  culture. 

5.  Necessity  for  a  home  market  for  the  cocoons. 

6.  The  prospects  of  establishing  a  market  by  private  enterprise. 

7.  The  practical  outcome  of  the  efforts  of  the  Department  of 
Agriculture  in  promoting  silk  culture  under  present  i*estrictions. 

The  paper  deals  with  the  above-named  subjects  in  detail  and  the 
essential  conclusions  are : 

1.  The  adaptability  of  our  country  to  silk  culture  is  proven 
beyond  all  question. 

2.  That  the  profits  are  so  small  that  by  far  the  larger  proportion  of 
those  who  become  interested  abandon  the  culture  after  the  first  j'car. 

3.  That  the  present  encouragement  given  by  Congress  through 
the  Department  of  Agriculture  has  been  productive  of  good  in  that 
it  has  enabled  the  establishment  of  three  reeling  centres,  one  at 
Philadelphia,  one  at  New  Orleans  and  one  at  San  Francisco,  which 
are  in  active  operation  and  furnish  a  home  market  for  the  cocoons. 

4.  That  there  is  great  difficulty  in  carrying  on  the  experiment 
on  true  business  principles  because  of  the  law  which  prevents  the 
Commissioner  of  Agriculture  from  selling  the  products  of  these 
reels  and  thus  utilizing  the  income. 

5.  That  this  encouragement  has  intensified  the  interest  felt  in  the 
subject,  but  that  it  can  endure  only  so  long  as  Congress  chooses  to 
continue  the  appropriation.  This,  once  withdrawn,  will  precipitate 
a  reaction. 

6.  Finally,  that  no  permanent  advantage  can  be  secured  until 
tariff  legislation  gives  real  encouragement  to  the  industry  and  re- 
cognizes the  fact  that  so-called  *'raw  silk"  is  a  manufactured  article 
and  should,  if  other  manufactured  articles  are  to  be  protected,  re- 
ceive like  protection. 
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Some  defects  of  our  savings  bank  system,  and  the  need  of 

POSTAL  SAVINGS  BANKS  FOR  THE  UnITED  StATES.      By  ChAS.  W. 

Smiley,  United  States  Fish  Comniission,  Washington,  D.  C. 

[AB8TBACT.] 

The  savings  banks  are  managed  mostly  by  unpaid  trustees  who 
have  shown  that  as  a  class  they  will  not  bestow  the  time  and  care 
necessary  to  protect  the  banks  from  dishonest  officials  and  bad  in* 
vestments. 

Savings  banks,  being  designed  as  perfectly  safe  depositories  with 
a  low  rate  of  interest  and  for  the  training  of  the  very  poor  and 
very  ignorant  in  thrift  and  economy,  should  not  be  subjected  to 
any  such  possibilities  of  failure  as  beset  the  whole  system. 

When  officers  default  or  investments  prove  bad,  there  is  no  way 
to  make  good  the  loss  unless  sufficient  profits  have  been  withheld 
from  dividends  to  meet  the  contingency.  This  means  has  often 
been  inadequate. 

When  assets  fall  below  liabilities  even  one  per  cent  the  danger 
of  the  worse  evil  of  a  receivership  is  at  hand.  The  many  years 
that  impaired  banks  have  been  in  receivers'  hands  and  the  enormous 
cost  of  receiverships,  sometimes  amounting  to  $100,000,  have 
created  great  injury,  loss  of  confidence  and  positive  suffering. 

The  recently  developed  evil  of  scaling  down  the  deposits  has 
been  invented  to  obviate  the  admitted  crimes  and  outrages  of  re- 
ceiverships.    Though  a  less  evil,  its  baneful  effects  are  evident. 

For  a  savings  bank  to  invest  in  anything  outside  of  U.  S.  bonds 
or  the  best  state  bonds  is  too  risky  to  be  indulged  in.  This  is  be- 
cause a  run  is  liable  to  occur  at  any  time  s\nd  its  assets  should  al- 
ways be  convertible  at  will  into  cash.  The  owning  of  mortgages, 
real  estate  and  other  property  which  cannot  be  realized  upon  in 
time  of  a  panic  invites  and  feeds  the  flames  of  panic  in  the  minds  of 
ignorant  men  and  helpless  women.  This  kind  of  assets  has  been 
the  occasion  of  receiverships  and  litigations  drawn  out  through 
periods  of  five,  ten  and  fifteen  years. 

A  privately  managed  savings  bank  can  never  be  free  from  runs 
and  distrust  however  sound  it  may  happen  to  be. 
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Trastees  will  not  resist  the  temptation  to  compete  with  others 
in  paying  rates  of  interest  and  this  instantly  converts  the  banks 
from  charitable  institutions  into  commercial  enterprises.  Then 
the  fundamental  idea  of  encouraging  thrift  and  economy  through 
gratuitous  aid  rendered  by  trustees  has  been  abandoned. 

The  salaried  officials  such  as  the  treasurers  command  salaries 
somewhat  proportioned  to  the  amount  of  deposits.  Hence  their 
interest  in  getting  large  deposits  through  high  rates  of  interest. 
But  to  do  this,  investments  must  be  put  into  risky  places.  This 
evil  is  almost  a  necessity  of  the  S3'stem. 

The  mania  for  ornamenting  cities  and  towns  with  high-priced 
banking  houses  paid  for  out  of  the  deposits  of  these  widows  and 
poor  children  and  illiterates  is  widespread  and  besides  being  an 
object  lesson  the  opposite  of  economy  is  financially  unwise. 

The  amount  of  money  needed  to  establish  a  private  savings 
bank  is  such  as  to  confine  them  to  cities  and  large  towns.  They 
are  thus  accessible  with  difficulty  or  not  at  all  to  nine>tenths  of 
the  population  of  the  U.  S. 

The  banking  hours  are  often  very  inconvenient  for  laboring 
people. 

Postal  Savings  Banks  were  introduced  into  Great  Britain  in  1861, 
into  Belgium  in  1870,  into  the  Netherlands  in  1880,  into  4-ustralia 
in  1871,  into  Japan  in  1875  and  into  the  Dominion  of  Canada  in 
1867.  Their  history  in  all  these  countries  has  been  entirel}'  satisfac- 
torj'  and  most,  if  not  all,  the  defects  of  private  savings  banks  have 
been  obviated.  No  record  of  a  run  has  appeared  in  any  case  and 
the  exceedingly  slight  losses  have  been  borne  by  the  government. 
Our  own  government  being  a  large  borrower  and  more  apprecia- 
tive of  personal  lo3'alty  than  any  other  has  inducements  to  estab- 
lish this  s^'stem  greater  than  any  other  government.  A  full  de- 
scription of  a  law  proposed  to  be  enacted  by  the  United  States 
Congress  concluded  the  paper. 
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The  probabilities  of  locust  or  "grasshopper"  injury  in  the 
near  future,  and  a  new  mbthod  of  counteracting  their 
INJURY.  By  Prof.  C.  V.  Riley,  U.  S.  Entomologist,  Wash- 
ington, D.  C. 

[  ABSTRACT.] 

Plausible  theories  have  been  elaborated  to  show  that  there  is  a 
certain  periodicity  in  locust  visitations  and  a  connection  with  such 
visitations  and  sun-spots.  However  this  may  be  no  one  cognizant  of 
the  facts  can  doubt  the  connection  between  serious  locust  injury  and 
business  depression,  or  that  there  has  been  a  certain  periodicitjMn 
widespread  locust  injury,  averaging  about  ever}'  eleven  years.  This 
last  fact  may  explain  the  exceptional  sensitiveness  and  anxiety  which 
locust  increase  has  this  year  caused  among  the  farmers  of  the  trans- 
Mississippi,  as  more  than  the  average  interval  has  passed  since  tlie 
last  serious  devastations  began  and  just  a  decade  since  their  height 
was  reached. 

The  paper  then  explains  how  each  year  since  1877,  except  last 
year  when  he  was  absent  in  Europe,  Prof.  Riley  has  been  able  to 
anal3'ze  the  data  and  give  confident  assurance  of  comparative 
immunity.  He  then  considers  the  condition  of  affairs  the  present 
3'ear.  Much  injur}'  has  been  done  in  northern  portions  of  California 
by  Melanoplus  devastator,  but  the  laws  governing  this  species 
scarcely  affect  the  farmers  east  of  the  Rocky  Mountain  range.  The 
fears  expressed  early  in  the  season  on  account  of  the  great  abun- 
dance of  young  locusts  in  the  Platte  Valley  country  were  shown  to 
be  groundless  because  only  non-migratory  species  were  concerned. 

But  the  recent  anxiety  felt  by  the  people  of  the  Northwest  has 
more  real  foundation,  as  investigation  shows  that  not  only  are  na- 
tive or,  for  the  most  part,  non-migratory  species  very  abundant ; 
but  the  true  migratory  species,  viz.,  the  Rocky  Mountain  locust, 
has  greatly  increased  and  is  now  moving  in  flights  to  the  south  and 
southeast.  It  is  too  early  to  say  how  extensively  the  eggs  will  be 
laid,  but  large  areas  in  Montana  and  Dakota  will  undoubtedly  be 
stocked. 

There  is  also  a  great  scarcity  of  the  natural  enemies  of  the 
species,  and  should  the  weather  prove  favorable  for  the  next  two 
years  there  will  be  a  period  of  increasing  injury.  As  encouraging 
offsets  to  this  picture  the  author  mentions  the  heav}''  storms  and 
rains  that  have  lately  prevailed  in  that  section  of  the  country  and 
emphasizes  the  fact  that,  under  the  most  favorable  conditions  to 
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locust  increase,  the  injurj'  for  various  reasons,  and  chiefly  the  ad- 
vance of  settlement  and  cultivation,  can  never  be  as  widespread 
as  it  had  been  between  1874  and  1877. 

The  paper  concluded  with  the  statement  of  a  new  remedy,  that 
has  been  used  with  considerable  satisfaction  in  California  the 
present  summer.  While  in  the  warfare  there  the  methods  adopted 
have  been  essentially  the  same  as  those  advocated  in  the  First  and 
Second  Reports  of  the  U.  S.  Entomological  Commission,  the  novel 
method  mentioned  consists  of  the  use  of  arsenic,  sugar,  bran  and 
water,  the  proportions  being  one  part  by  weight  of  arsenic,  one  of 
sugar  and  Ave  of  bran,  to  which  is  added  a  certain  quantity  of  water. 

The  arsenic  and  bran  are  first  mixed  together,  then  the  sugar 
is  dissolved  in  water  and  added  to  the  bran  and  ,arsenic,  after  which 
a  sufficient  quantity  of  water  is  added  to  thoroughly  wet  the  mixture. 

About  a  teaspoonful  of  this  mixture  is  thrown  upon  the  ground  at 
the  base  of  each  tree  or  vine  and  left  to  do  its  work.  The  poison 
works  slowly,  seldom  killing  its  victim  within  less  than  eight  or  ten 
hours  after  having  been  eaten. 

Professor  Riley  expresses  the  belief  that  this  method  of  destroy- 
ing locusts  will  prove  very  serviceable  in  gardens  and  orchards  where 
the  insects  are  not  in  excessive  abundance,  but  he  does  not  think 
it  will  compare  with  the  ditching  and  burning,  and  other  means 
mentioned  in  the  Commission's  Reports,  in  broad  grain  fields 
wherever  the  insects  are  as  numerous  as  they  have  been  in  the 
Mississippi  valley. 


The  silver  question.     By  E.  B.  Elliott,  Government  Actuary, 
Treasury  Department,  Washington,  D.  C. 

[ABSTRACT.] 

Prior  to  the  3'ear  1873,  the  legal  tender  coinage  both  of  gold 
and  of  silver  was  free  or  nearly  so  to  all  holders  of  bullion  pre- 
senting the  same  for  coinage. 

From  1873  to  1878  the  coinage  of  legal  tender  silver  was  dis- 
continued but  the  then  existing  silver  coinage  was  not  demonetized. 

Since  1878  a  restricted  but  enforced  coinage  of  legal  tender  sil- 
ver ot>tains.  The  coinage  of  gold  is  free, — unrestricted.  All  de- 
positors of  gold  bullion  may  receive  gold  coin  at  par  in  exchange 
for  such  bullion  deposited. 
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The  coinage  of  silver  is  not,  like  gold,  free  to  depositors  or 
holders  of  silver  bullion. 

The  secretary  of  the  treasury  is  required  by  law  to  purchase  in 
open  market  the  silver  that  is  to  be  used  for  coinage. 

The  law  demands  of  the  government  the  purchase  in  open  mar^- 
ket,  practically  at  its  gold  valuation,  of  from  two  million  to  four 
million  dollars'  worth  of  silver  bullion  each  month,  which  bullion 
is  to  be  coined  into  legal  tender  silver  dollars  ;  or  from  twenty-four 
million  to  forty-eight  million  dollars'  worth  of  silver  bullion  each 
year. 

This  law  has  been  in  operation  during  the  seven  flscal  years  since 
June  30,  1878,  to  the  present  time.  The  number  of  legal  tender 
silver  dollars  coined,  up  to  and  including  July  31,  1885,  is  officially 
reported  as  205,784,381. 

This  excessive  forced  purchase  and  coinage  of  silver  by  the 
government,  if  continued,  maj'  result,  in  the  early  future,  in  the 
enforced  use  of  silver  and  silver  equivalents  in  the  transaction 
of  public  and  private  business,  to  the  exclusion  of  gold  and  gold 
equivalents. 

Constant  and  earnest  appeals  and  demands  are  now  being  made, 
from  very  many  quarters,  for  the  suspension  of  the  coinage  of 
this  silver  dollar,  until  the  legitimate  demands  of  commerce  shall 
clearly  require  its  resumption. 

It  is  now  well  established  "that  along  with  one  metal  used  as 
standard  money,  it  is  possible  to  keep  in  circulation  a  certain 
limited  quantity  of  an  over-valued  inferior  metal  also  passing  as 
standard."  ^ 

Since  1873,  in  bur  own  country,  the  so-called  double  standard 
has  ceased  to  be  legally  recognized  as  the  unit  of  account ;  and  it 
is  believed  that  a  double  standard  that  is,  a  standard  resulting 
from  an  effort  to  fix  that  which  by  the  laws  of  trade  is  un-fixable, 
can  never  again  be  adopted  by  the  commercial  nations  of  the 
world. 

Desirable  to  be  done. 

1.  Suspend  the  purchase  of  silver  bullion,  and  its  coinage  into 
legal  tender  silver  dollars. 

2.  Increase  the  weight  of  the  future  subsidiary  silver  coin  from 
twelve  and  a  half  grams  for  the  half  dollar,  to  fifteen  grams ;  and 
in  proportion  for  the  quarter  dollar,  the  dime,  and  it  may  be  the 
half  dime ;  and  let  the  weight  in  grams  and  the  decimal  fineness 
be  stamped  on  these  coins. 
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8.  Let  silver  in  bars  continue  to  be  of  nine-tenths  fineness,  and 
the  weight  of  such  bars  be  exact  multiples  of  the  gram, —  the 
metnc  and  destined  international  unit  of  weight. 

4.  Let  periodical,  say  monthly,  official  announcement  be  made 
of  the  gold  value  of  a  decagram  of  silver  of  nine-tenths  fineness, 
as  indicated  by  the  average  market  price  in  London  and  in  ^ew 
York,  for  the  month  immediately  preceding. 


Insurance  against  loss  bt  firs.    By  Edward  Atkinson,  Bos- 
ton, Mass. 


Competition  and  cooperation  synonymous  terms.    By  Edward 
Atkinson,  Boston,  Mass. 


Social  economy.    By  Dr.  Jno.  Muller,  Ann  Arbor,  Mich. 


Vital    statistics  of  the  colored   people  of  the   Southern 
States.     By  Dr.  George  W.  Hubbard,  Nashville,  Tenn. 


Electric  lighting.      By  E.  B.  Elliott,  Government  Actuar}', 
Treasury  Department,  Washington,  D.  C. 


ABSTRACT  OF  PROCEEDINGS  OF  THE  SOCIETY  FOR  THE  PRO- 
MOTION OF  AGRICULTURAL  SCIENCE,  AT  ITS  MEETING 
HELD  IN  ANN  ARBOR  IN  CONNEOTION  WITH  THE  MEETING 
OF  THE  A.  A.  A.  S. 

[Reported  by  the  Secretary  of  the  Society.] 

The  Society  for  the  Promotion  of  Agricultural  Science  was  organized 
and  the  first  meeting  held  in  Boston,  August,  1880. 

Regular  annual  meetings  have  been  held  since,  in  Cincinnati,  Montreal, 
Minneapolis,  Philadelphia,  and  Ann  Arbor.  As  its  name  implies,  the 
Society  was  organized  for  the  purpose  of  bringing  together  those  who  are 
interested  in  the  application  of  science  to  agriculture,  discussing  the  meth- 
ods and  results  of  investigations,  and  providing  for  publications  relating 
to  the  same. 

While  the  Society  desires  to  extend  its  work  and  influence  as  rapidly 
as  may  be  expedient,  the  original  plan  of  its  founders  has  been  followed 
by  inviting  and  admitting  to  membership  only  those  engaged  in  work  of 
scientific  value. 

The  officers  at  present  consist  simply  of  a  president,  secretary,  and  one 
other  elected  member,  who  together  constitute  the  executive  committee. 
This  committee  has  full  charge  of  the  business  of  the  Society. 

No  constitution  and  by-laws  have  yet  been  adopted,  this  business  being 
postponed  until  the  experience  of  several  meetings  and  full  consulta- 
tion among  the  members  shall  determine  more  definitely  the  scope  of  the 
Society  and  the  best  means  of  attaining  the  desired  results. 

At  different  meetings,  the  following  action  has  been  taken  by  the  Society 
in  regard  to  its  afi*airs : 

Voted  J — (1880)  That  no  paper  shall  be  read  before  the  Society  unless 
previously  presented  to  the  executive  .committee  in  full  or  by  abstract,  and 
accepted  by  them. 

Voted, — (1883)  That  in  case  a  member  of  the  Society  shall  neither  be 
present  at  any  meeting  for  tliree  consecutive  years,  nor  present  a  paper 
during  tliis  time,  his  name  shall  be  dropped  from  the  list  of  membership. 

Voted, —  That  in  the  annual  circular,  members  be  reminded  that  the  ideal 
of  the  Society  can  only  be  reached  by  making  all  papers  presented  adhere 
closely  to  original  work  and  truly  scientific  methods  and  results, — ^without 
unnecessary  argument  or  illustration,  but  bearing  in  mind  that  the  end 
sought  is  to  point  out  the  practical  aim  and  application  connected  with  the 
subject  treated. 

At  the  meetings  already  held  papers  have  been  presented,  generally  re- 
lating to  the  special  work  of  the  respective  authors.  These  have  been 
read  by  or  for  the  writers,  the  papers  being  then  criticised  and  the  subjects 
discussed  by  persons  present,  whether  members  or  not.    No  record  of  the 

(523) 
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discussions  has   yet  been  made.     Papers  by  non-members  arc  admitted, 
if  examined  and  approved  in  advance  by  the  executive  cjmmittee. 

The  Proceedin*;s  of  tlie  Society  will  be  published  from  time  to  time  as 
matter  of  interest  Is  collected.  The  first  volums  of  the  Proceedings,  con- 
taining; a  liistory  of  the  organization  and  papers  presented  at  the  first  three 
meetings,  was  published  in  1883.  In  tlie  second  volume  will  be  found  the 
papers  prepared  for  the  Minneapolis  and  Philadelphia  raectinsrs,  and  in  the 
third  the  proceedings  of  the  Ann  Arbor  mieting.  The  m.imb3rship  is  lim- 
ited to  forty.  At  present  there  are  thirty-six  members  representing  about 
twenty  states,  including  Canada.  Nearly  all  are  professors  in  agricultural 
colleges,  or  connected  with  experiment  stations. 

The  following  are  the  officers  of  the  Society  for  1880:  President,  Major 
Henry  E.  Alvord,  manager  Houghton  Farm,  Mouutaiuville,  Orange  Co., 
X.  Y. ;  Secretary  and  Treasurer,  Dr.  Byron  1).  HaLsted,  Professor  of  Bot- 
any, Iowa  Agricultural  College,  Ames,  la.  Third  member  of  Executive 
Committee,  Edward  M.  Shelton.  Professor  of  Agriculture,  Kansas  Agri- 
cultural College,  Manhattan,  Kansas. 

At  the  last  meeting  Mr.  J.  J.  Thomas  presented  a  paper  on  **The  In- 
fluence of  Locality  on  Variations  of  Fruit,"  in  wlilcli  it  was  shown  tliat 
nctunl  experiments  proved  that  locality  had  mucli  to  do  in  determining 
the  character  of  a  fruit.  The  most  popular  winter  apples  at  the  north  be- 
come summer  and  autumn  fruits  in  the  soutli.  The  l)est  sorts  of  the  cast 
are  not  of  equal  <|uality  grown  in  the  west  and  vice  versa.  Locality  of  origin 
has  very  little  to  do  witlk  the  fitness  or  a  fruit  in  any  place.  The  pear  is 
less  influenced  than  the  apple  by  external  influences.  A  larger  per  cent  of 
our  foreign  than  of  the  native  varieties  of  pears  are  of  the  first  quality. 
Tlie  cultivator  may  enjoy  the  widest  sources  for  selecting  and  testing  fruit. 
Dr.  E.  L.  Sturtevaut  presented  two  papers,  one  upon  the  "Dsnulelion,"  the 
other  on  the  "Lettuce."  Both  of  these  plants  have  been  ivuown  from 
early  time  ami  under  many  forms.  These  forms  it  seems  are  natural  va- 
riations which  liave  been  secured  and  perpetuated  by  culture.  This  view 
helps  to  explain  the  permanence  of  the  types.  The  three  types  of  lettuce 
for  example  have  been  preserved  but  not  produced  by  cultivation. 

Prof.  E.  W.  Hilgard  presented  an  elaborate  paper  on  "Some  Redeeming 
Traits  of  the  'Alkali  soils.'"  The  "Alkali"  soils  abound  in  potash,  phos- 
phoric acid  and  nitrogen  and  are  therefore  full  of  fertility,  and  as  a 
secondary  consequence  moist.  A  dressing  of  plaster  renders  such  a  soil 
susceptible  of  profitable  culture. 

Prof.  W.  W.  Tracy  gave  many  striking  examples  of  "Variations  in 
Cultivated  Plants."  Cucumbers  sometimes  have  the  shape  and  warty  sur- 
face,of  the  crookueck  squash.  Occasionally  they  are  like  musk  melons. 
White  squashes  planted  on  dark  soil  will  successively  grow  darker  in 
color.  A  stock  of  white  summer  crooknecks  was  obtained  l)y  soil-varl- 
alion.  Similar  varieties  arc  produced  at  about  tlie  same  time  in  widely 
separated  areas.  A  hard-shelled  watermelon  originated  In  Georgia, 
Illinois  and  Florida  simultaneously. 

Major  H.  E.  Alvoid  presented  some  advances  made  in  '*Telemetric  aids 
to  Meteorological  Records."    By  means  of  telemetry  the   readings  of  a 
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thermometer  buried  deeply  in  the  earth  may  be  recorded  In  any  conven- 
ient place.  The  apparatus  was  described  and  its  accuracy  compared  with 
other  methods  of  obtaining  soil  temperatures. 

Prof.  C.  V.  Riley  spoke  of  **  a  New  Remedy  for  the  Grasshopper"  which 
has  been  employed  in  California.  It  consists  of  arsenic,  sugar,  bran  and 
water  mixed  in  given  proportions.  The 'mixture  is  thrown  upon  the 
ground  and  left  to  do  its  deadly  work.  Owing  to  the  advance  made  in  the 
settlement  of  the  country  and  the  increased  area  of  cultivated  land,  the  in- 
jury from  locusts  in  the  future  cannot  equal  that  of  former  years. 

Dr.  \V.  G.  Farlow  had  a  paper  on  "  Some  Injurious  Fungi  of  California." 
He  found  fungi  of  ttie  very  deistructive  group  Peronosporae  upon  plants 
closely  related  to  the  tobacco,  and  there  may  be  well  grounded  fears  that 
they  will  spread  to  the  latter  plant  and  do  much  damage.  Another  fungus 
is  abundant  upon  the  hollyhock  and  it  is  probable  that  it  may  spread  to  the 
cotton  plant,  botanically  a  near  relative  of  the  holl3iiock. 

Dr.  G  C.  Caldwell,  presented '  •  The  Lactobutyrometer  "  with  its  latest  de- 
velopments. This  instrument  determines  the  quality  of  milk  with  sufficient 
accuracy  for  most  purposes.  The  paper  discusses  the  sources  of  error  and 
variation.  The  process  depends  upon  the  solution  of  the  butter  fat  in 
ether,  and  this  involves  the  mooted  question  of  the  nature  of  the  covering 
of  the  fat  globule.  The  view  now  generally  held  is  that  the  globule  has  a 
film  of  albuminous  or  nitrogenous  matter  that  is  not  solid.  If  this  film  is 
thick  the  lactobutyrometer  does  not  give  as  accurate  results  as  when  it  is  thin. 

Prof.  W.  J.  Bealgave  further  results  of  his  experiments  on  "  The  Vitality 
of  Seeds  buried  in  the  Soil."  The  seeds  of  twenty- three  kinds  of  plants, 
were  mixed  with  sand,  placed  in  bottles  and  buried.  The  seeds  were  left 
for  five  years  and  then  all  tested.  The  seeds  that  did  not  germinate  were 
dried  and  kept  through  the  winter  in  the  ordinary  way.  The  next  season 
many  of  these  seeds  gemiinated.  Thus  of  the  fox-tail  grass  nearly  twice 
as  many  seeds  germinated  after  the  winter  of  exposure  than  before.  Of 
the  may-weed  about  the  same  number  in  both  cases. 

Prof.  T.  J.  Burrill  gave  the  results  of  ♦•  An  experiment  in  Silk  Culture." 
The  worms  became  diseased  and  the  bulk  of  the  paper  consisted  in  the  con- 
sideration of  the  nature  of  this  disorder  and  the  conditions  which  led  to 
the  outbreak.  This  is  a  contribution  to  the  bacteriology  of  this  country, 
not  easily  abstracted. 

Dr.  H.  P.  Armsby  presented  a  paper  on  '*  The  Creaming  of  milk  by  the 
Cooley  system, "  consisting  very  largely  of  tabulated  statements  of  long 
series  of  experiments.  It  is  established  that  the  greater  the  diff'erence  of 
temperature  between  the  milk  and  the  surrounding  medium,  the  more  rapid 
the  creaming.  Milk  set  in  water  containing  broken  ice  will  cream  thor- 
oughly in  twelve  hours. 

Prof.  C.  E.  Bessey  presented  '*  The  claims  that  Agriculture  has  upon 
Botanists,"  in  which  it  was  shown  that  the  study  of  cultivated  plants  had 
been  sadly  neglected,  particularly  their  physiology  and  pathology. 

Discussion  followed  nearly  all  papers. 

The  annual  meeting  of  the  Society  is  held  at  the  same  place  as  that  of 
the  A.  A.  A.  S.,  and  opens  on  the  day  previous  to  the  convening  of  the 
Association. 


ABSTRACT    OF    PROCEEDINGS  OF    THE  BOTANICAL  CLUB 

OF  THE  A.  A.  A.  S. 

[Reported  by  the  Secretary.] 

Thr  attendance  at  Ann  Arbor  was  much  larger  than  its  most  sapgalne 
friends  had  anticipated,  there  being  eighty-flve  names  entered  upon  the 
register.  This  gave  the  club  twenty-three  and  one-third  per  cent  of  the 
total  attendance  of  the  Association,  more  than  twice  as  great  a  proportion 
as  heretofore.  Thirty- seven  of  the  members  recorded  the  department  of 
botany  in  which  they  are  most  interested.  These  were  entered  under 
twenty  dilTerent  headings,  but  may  be  reduced  to  four,  as  follows :  flower- 
ing plants  and  ferns,  nineteen ;  cryptogams,  fourteen;  physiology,  four; 
and  paleophytology,  two. 

Six  sessions  were  held  in  all^fonr  in  the  morning  and  two  in  the  after- 
noon—each an  hour  long,  all  in  the  room  of  the  biological  section,  with 
the  exception  of  the  one  on  Friday  evening,  which,  by  invitation,  was 
changed  to  Professor  Spalding's  botanical  laboratory.  The  numbers  pres- 
ent at  the  sessions  exceeded  seventy-five  for  several  and  dropped  the 
lowest  at  the  laboratory  gathering,  when  there  were  only  twenty-eight. 

The  papers,  notes  and  discussions  were  of  just  the  kind  for  which  the 
club  was  specially  founded.  Those  who  heard  them  cannot  but  have 
received  much  valuable  information  applicable  to  personal  work,  as  well 
as  having  the  pleasure  of  llsteninof  to  the  results  of  receut  studies.  The 
resum6  which  follows  Is  necessarily  very  brief,  and  often  omits  the  Items 
which  the  listener  may  have  found  the  most  directly  serviceable  for  his 
own  needs. 

TiiURSDAr,  August  27, 9  a.  m.  Tlie  chairman  made  several  suggestions 
of  topics  for  the  consideration  of  the  club,  which  he  had  already  formu- 
lated in  the  last  numljer  of  the  American  Naturalise:  1.  The  necessity  of 
uniformity  In  the  use  of  English  names  of  plant  diseases  and  of  the  fungi 
producing  them.  2.  The  advantage  of  uniform  pronunciation  of  the  Latin 
names  of  plants.  3.  The  distribution  of  botanical  literature  among  the 
several  Journals  so  that  each  shall  represent  only  certain  departments 
of  the  science.  4.  Tlie  relations  of  the  botanists  of  the  country  to  the 
National  Herbarium  at  Washington. 

In  the  discussion  which  followed  it  was  clearly  brouglit  out  that  at 
present  great  confusion  exists  in  the  use  of  English  names  of  plant  dis- 
eases, e.  g.,  the  term  blight  is  given  to  the  most  diverse  forms  of  fUngi, 
as  well  as  to  many  kinds  of  diseases  either  partially  or  wholly  killing  the 
plant.  To  some  extent  this  confusion  occurs  in  most  of  the  English 
names  now  In  use.  It  was  also  shown  that  the  supply  of  English  names 
was  not  adequate  to  the  present  needs  of  the  su()Ject.  Mr.  Arthur  sug- 
gested that  it  might  be  possible  to  prepare  a  list  of  English  names  of 
fungous  parasites  and  the  diseases  which  they  cause,  which  should  be 
taken  as  the  standard  for  this  country,  something  in  the  same  way  as  the 
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American  Pomological  Society  exercises  authority  over  the  naming  of 
fruits.  After  consideral)le  discussion  favorable  to  the  sn«;gestlon,  a 
committee  was  appointed  to  take  the  matter  In  charge  and  report  at 
the  meeting  next  year.  Tiie  committee  are  J.  C.  Arthur,  of  Geneva, 
N.  Y. ;  W.  G.  Farlovv,  of  Ciiml)ridge,  Mass. ;  W.  Trelcase,  of  St.  Louis, 
Mo. ;  who  are  to  act  in  conjunction  witli  F.  L.  Scribner,  of  Washington, 
D.  C,  who  is  investigating   plant  diseases  for  the  government. 

The  second  topic  was  only  partially  discussed,  liut  the  prevalent  opi-'- 
ion  seemed  to  be  that,  altlioui^h  there  was  much  annoyance  from  the  va- 
riety of  pronunciaiious,  nothing  could  at  present  be  done  to  secnre 
uniformity. 

The  tliird  topic  was  urged  by  the  chairman,  who  represents  the  bot.in- 
ical  department  of  the  American  yaturalist.  Tlie  representatives  of  the 
Botanical  Gazette  preferred  to  select  their  material  from  the  whole 
range  of  botanical  literature.  No  representatives  of  the  other  journals 
wholly  or  partially  devoted  to  botany  were  present,  and  no  result  was 
reached. 

The  fourth  topic  .was  taken  up  by  Mr.  Scribner,  who  spoke  of  several 
ways  in  which  the  National  herbarium  miglit  be  of  direct  service  to  the 
botanists  of  the  country,  and  on  the  other  hand  of  tlie  duty  which  the 
botanists  owe  to  tlie  herbarium  in  the  way  of  coutributious  of  new  ma- 
terial. It  was  brougiit  out  in  the  discussion  that  few  present  had  any 
knowledge  of  the  herl^ariuni.  or  of  the  facilities  for  consultation.  It  was 
therefore  urged  that  tlie  first  requirement  w;is  a  full  statement  of  the 
contents  and  condition  of  the  National  herbarium,  in  order  tliat  botanists 
may  know  what  facilities  it  offers  for  present  study,  and  what  is  desired 
to  mnke  it  more  complete.  The  club  then  appointed  J.  M.  Coulter,  and 
W.  J.  Beal  a  committee  to  take  the  matter  under  advisement  and  report 
at  a  later  session. 

Thuhsoay,  August  27, 5  p.  M.  Professor  Beal  gave  some  notes  on 
teaching  botany.  He  had  found  the  movement  of  protoplasm  to  show 
well  in  the  hairs  on  the  young  buds  of  many  species  of  plants.  The  stem 
of  Smilaz  rotundifoiia  sevviid  excellently  for  histological  study.  He  was 
of  opinion  that  usually  too  much  time  is  occupied  by  lectures,  and  not 
enough  by  laboratory  work.  He  had  had  students  work  in  various  wny.H, 
but  obtained  the  best  results  when  considerable  time  was  given  to  each 
plant  and  fewer  plants  used.  Professor  Bnrrill  finds  difiiculty  in  getting 
sufficient  time  for  laboratory  work.  Professor  Coulter  would  have  the 
laboratory  open  from  morning  till  4  p.m.,  and  permit  students  to  come 
and  go  as  convenient  to  them.  Professor  Bessey  called  attention  to  the 
scientific  course  in  the  University  of  Nebraska,  which  is  arranged  on  a 
plan  of  alternation.  Botany  comes  but  twice  a  week,  which  gives  plenty 
of  opportunity  for  laboratory  work.  The  same  is  true  of  zoology,  physics, 
chemistry,  etc.  This  arrangement  works  well  when  the  several  pi-oi'essors 
act  harmoniou^ly. 

The  subject  of  reagent  bottles  was  then  taken  up  and  various  devices 
illustrated  and  described,  followed  by  a  discussion  of  the  several  phases 
and  methods  of  section  cutting. 
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Fridav,  Augast  28,  9  a.  m.  The  committee  on  the  relations  of  the  bot- 
anists to  the  national  herbarlnm  reported  as  follows,  and  its  report  wtis 
adopted  by  the  club : 

It  is  the  desh-e  of  the  Botanical  Chib  of  the  American  Association  fbr  the  Advancement 
of  Science  to  assist  in  making  the  National  Herbarlnm  worthy  of  it?  name,  that  it  may 
offer  every  facility  for  consnliation  and  study.  They  would  tliercfore  recommend  that 
as  a  step  in  this  direction  tlie  Department  of  Agriculture  make  known  to  botanists,— 

1.  The  contents  of  the  herbarium. 

2.  The  number  of  its  types. 

3.  The  com  pleteness  of  its  preservation. 

4.  Its  convenience  for  consaltation, 

r>.x»^n^uf»»  S  J-  M  Coulter. 
Committee  ]  yy  j  jj^^j^ 

Dr.  Halsted  exhibited  specimens  of  Peronospora  and  ^cidium  from 
Spirit  Lake,  Iowa.  The  former,  P.  vUicola,  was  on  wild  grapes  and  so 
luxuriant  as  to  cover  the  whole  plant  with  a  white  velvet  and  prevented 
Its  reaching  more  than  a  foot  or  so  in  height.  The  latter  was  on  Euphor- 
bia, giving  the  host  a  peculiar  upright  growth. 

Professor  Coulter  gave  some  notes  on  plants  collected  by  the  Greeley  ex- 
pedition to  the  Arctic  regions. 

Professor  Barnes  called  attention  to  tlie  peculiar  mode  of  dehiscence  of 
Campanula  Americana^  by  means  of  a  pair  of  circular  trap  doors  on  the 
sides  of  the  capsule. 

Professor  Lazenby  gave  some  additions  to  the  published  lists  of  the 
flowering  plants  of  Ohio. 

Friday,  August  28, 7  p.m.  This  meeting  was  held  in  the  botanical  laboratory 
of  the  University  of  Michigan.  Professor  Spalding  first  pointed  out  the 
facilities  of  his  laboratory.  A  general  discussion  ensued  on  instruments, 
books  of  reference,  laboratory  methods,  drawing,  courses  of  study,  etc. , 
participated  in  by  Professors  Spalding,  Bessey,  Burrill,  Halsted,  Campbell, 
Barnes,  Beal  and  Coulter.  This  was  a  specially  delightful  and  profitable 
meeting  to  those  who  were  present. 

Monday,  August  31,  9  a.  m.  The  election  of  oflScers  for  the  coming 
year  resulted  in  the  selection  of  J.  M.  Coulter  as  chairman  and  J.  C.  Arthur 
as  secretary. 

The  subject  of  the  work  at  Washington  on  the  diseajses  of  plants  was 
then  introduced.  The  following  address  was  presented  and,  after  some 
discussion  upon  the  best  wording  of  the  last  clause,  was  adopted  as  the 
unanimous  expression  of  the  club: 

To  the  Honorable  Commisiianer  of  AgricuUurei 

The  members  of  the  Botanical  Club  of  the  A.  A.  A.  S.,  recognizing  the  Importance  of 
the  movement  so  happily  inangurated  by  you,  whereby  provision  has  been  made  for 
tlie  investigation  of  plant  diseases,  would  hereby  assure  you  of  their  hearty  support  in 
all  your  efforts  to  procure  the  necessary  means  for  carrying  out  tiie  \vork  proposed. 
Inasmuch  as  researches  of  this  nature  will  require  a  considerable  expenditure  of  money, 
the  members  of  the  club  hereby  pledge  themselves  to  use  their  influence  in  inducing 
their  representatives  in  Congress  to  make  a  liberal  appropriation  therefor  in  accord- 
ance with  your  estimates. 
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Mrs.  Walcott,  of  Boston,  suggested  that  a  copy  of  the  address  be  fur- 
nished each  member  of  the  chib,  to  be  presented  to  his  representative  in 
Con.fijress.  a  suggestion  which  met  with  approval. 

Professor  Barrill  spoke  of  a  form  of  jfrape  rot  which  liad  only  been  re- 
cently recognized  in  this  country  as  a  distinct  disease,  although  well  known 
in  Europe.  It  has  u^^ually  been  referred  to  P.'ioma^  but  does  not  have  its 
spores  in  minute  cavities  or  perithecia  as  in  that  genus.  It  is  Sphaceioina 
ampelina  DeBy.  The  spores  are  unable  to  germinate  on  a  dry  surface,  so 
that  sheltering  the  grape  clusters  prevents  its  attack.  He  also  exhibited 
grap3  leaves  bearing  P'.wma  uuicola,  amoJe  of  occurrence  which  had  bean 
denied. 

Mrs.  Walcott  gave  an  account  of  a  Campanula,  probably  (7.  Americana , 
which  made  its  appearance  in  somo  unaccountable  way  in  a  row  of  wild 
flowere  raised  from  sc?ds  from  other  localities.  These  seads  were  sown 
in  1880,  and  the  plants  moved  to  another  spot  last  season.  This  year  there 
appeared  two  stalks  of  the  species  referred  to,  apparently,  but  havina: 
some  of  the  flower  buds  two  inches  long,  the  calyx  bristly  and  the  flower 
in  eights  throughout.  Slie  had  also  observed  seedingsof  Yucca  JUamen- 
tosa  near  a  plant  of  that  species  in  the  garden. 

Considerable  discussion  followed.  Mr.  Campbell  had  known  of  Ynrca 
fruiting  in  Michigan.  E.  F.  Smith  recited  a  case  in  which  weed  seeds  had 
appeared  to  lie  dormant  for  fifteen  )'ears  or  more.  It  was  suggested  that 
in  this  case  there  might  have  been  a  succession  of  very  depauperate  indi- 
viduals, as  some  large  weeds  can  fruit  and  so  perpetuate  themselves  with- 
out reaching  more  than  an  inch  or  so  in  height,  and  tlms  escape  observation. 

Professor  liarnes  called  attention  to  the  erroneous  figures  of  the  stomata 
of  Marchantia  in  all  English  works  on  botany.  They  are  shown  with  six 
cells  in  circumference,  whereas  they  have  only  four.  The  shapes  of  the 
innermost  cells,  the  true  guard-cells,  and  of  the  outermost  cells  of  the 
chimney-like  stoma  are  not,  as  a  rule,  correctly  drawn. 

F.  L.  Scribner  exhibited  some  fine  drawings  of  grasses  from  which 
photo-engravings  had  already  boen  taken,  and  explained  how  they  w^ere 
made. 

Tuesday,  September  1,  9  a.  m.  A  paper  from  George  U.  Hays  of  St. 
Johns,  N.  B.,  on  botanical  features  of  New  Brunswick  was  read. 

D.  11.  Campbell  gave  some  hints  on  growing  the  spores  of  Bntrychinm 
ternatum.  The  spores  are  devoid  of  chlorophj^U  both  before  and  after 
germination,  which  suggests  that  they  should  be  grown  in  rich  earth  or 
humus.  When  prothalliaof  similar  plants  have  been  found  they  have  been 
below  the  surface  of  the  ground,  and  he  had  devised  a  plan  for  sowing  the 
spores  under  the  soil  yet  so  as  to  be  kept  under  constant  observation. 
The  spores  of  most  ferns  were  germinated  in  water  at  ordinary  room  tem- 
perature, and  when  desiring  to  carrj^  the  growth  very  far  were  transferred 
to  some  solid  substance  and  kept  moist  under  a  bell-jar. 

The  same  speaker  had  found  tabular  crystals  in  the  base  of  the  petiole 
of  Ouoclea  struthiopterts,  which  the  usual  micro-chemical  tests  proved  to 
be  oxalate  of  lime. 
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Professor  Bessey  explained  a  convenient  form  of  herbarium  doors. 

J.  C.  Arthur  exhibited  specimens  of  barley,  the  so-called  Hordeum  trifur» 
catum,  in  whicli  the  awn  of  the  flowering  glume  is  jointed  and  bears  more 
or  less  perfect  flowers. 

Dr.  Walker  of  Xew  Orleans  spoke  of  the  dwarfing  of  corn  grown  in  a 
flower  pot  in  his  window.     Others  mentioned  similar  phenomena. 

Mr.  Arthur  called  attention  to  the  erroneous  use  of  the  word  fungoid  by 
nearly  all  Englisli- speaking  botanists.  It  is  properly  applied  to  growths 
whose  origin  is  not  known  or  wliich  bears  some  resemblance  to  a  fungus. 
It  cannot,  however,  be  properly  applied  to  a  fungus  or  its  product. 
The  word  almost  always  intended  is  either  the  noun  fungus  or  the  ad- 
jective fungous.  As  a  splieroid  cannot  be  a  sphere  so  a  fungoid  growth 
cannot  be  a  fungus  or  a  fungous  growth. 
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REPORT  OF  THE  GENERAL  SECRETARY. 


Gknbkal  Sessions  of  thk  Thirty-fourth  Mkktino  of  the  Asso- 
ciation HELD  in  University  Hall,  Ann  Arbor,  August  26  to  Sep- 
tember 1,  1885. 

Wednesday  Morning,  August  26. 

President  Lesley  in  the  chair. 

Tiie  proceedings  were  opened  by  an  eloquent  invocation  by  the  Rever- 
end S.  Haskell  of  Ann  Arbor. 

Professor  Lesley  with  a  few  appropriate  words  introduced  Professor 
Newton,  the  President  elect,  who  tlien  assumed  tiie  cliair  resigned  by 
Professor  Lesley,  and  addressed  the  Association  as  follows : — 

Ladies  and  Gentlemen,  Members  of  the  American  Association  : — 
You  have  called  me  to  a  post  of  honor  and  duty.  I  prize  greatly  the  honor 
of  having  my  name  added  to  the  list  of  eminent  men  who  have  presided 
over  your  sessions  in  years  past,  and  I  thank  you  for  that  honor.  The 
duty  I  will  try  to  do  in  a  spirit  of  courtesy  and  fairness  to  the  best  of  my 
powers.  I  am  conscious,  however,  that  if  this,  our  gathering  at  Ann 
Arbor,  shall  be  a  successful  and  pleasant  one,  the  credit  will  be  due  far 
more  to  the  permanent  officers,  to  the  sectional  officers,  and  to  the  local 
committee  than  to  anything  I  can  say  or  do. 

The  President  introduced  the  Hon.  Russell  A.  Alger,  Governor  of 
Michigan,  who  was  greeted  with  warm  applause.  After  It  had  subsided, 
the  Governor,  on  belialf  of  the  State,  welcomed  the  scientists  to  the  State 
of  the  Great  Lakes.  He  said:  He  supposed  everybody  was  acquainted 
with  Michigan,  which,  for  its  production  of  lumber,  minerals,  agricultural 
produce  and  pretty  women.  Is  justly  famous.  And  Michigan,  which  ranks 
sixth  from  the  top  of  the  ladder  with  her  sisters  in  point  of  productive- 
ness, ranks  second  to  none  in  generous  hospitality  which  she  tenders  to 
your  honorable  body. 

The  President  then  Introduced  the  Hon.  Thomas  M.  Cooley,  who 
on  behalf  of  the  Local  Committee  welcomed  the  Association  in  the  fol- 
lowing words : 

Fifty-flve  years  ago,  when  Detroit  was  still  a  small  frontier  town,  the 
major  part  of  its  inhabitants  of  French  descent,  and  many  of  them  speak- 
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ing  only  the  French  language,  a  yoang  man,  who  had  just  attained  his 
majority,  came  to  the  town  on  the  invitation  of  leading  citizens,  to  de- 
liver pu!)Iic  lectures  on  chemistry,  geology  and  other  natural  sciences. 
He  had  been  found  at  Troy,  N.  Y.,  by  a  committee  wlio  had  gone  in  search 
of  such  a  lecturer,  and  had  been  recommended  as  a  suitable  and  compe- 
tent person  i>y  the  well  known  Prof.  Amos  Eaton.  We  are  not  surprised 
to  learn  that  the  committee  engaged  l)is  services  with  some  hesitation, 
and  that  when  he  came  on  he  was  received  as  a  teacher  with  incredulity; 
for  he  could  hardly  be  thought  learned  beyond  what  was  to  l)e  found  in 
books,  and  even  as  to  that  he  could  not  be  expected  to  liave  that  maturity 
of  judgment  which  wouhl  seem  necessary  to  fit  him  to  handle  his  mate- 
rials with  usefulness  to  hearers.  But  the  young  man  fully  justifled  the 
recommendation  which  hnd  I)een  given  of  him.  He  was  an  enthusiast  in 
science.  He  liad  already  had  considerable  experience  as  a  practical  chem- 
ist and  had  studied  geology  and  botany  in  tiie  woods  and  hills  at  the  foot 
of  the  Alleghanies  in  western  New  York,  and  his  energy  and  geniality 
were  such  as  made  liis  enthusiasm  contagious.  He  had  among  his  con- 
stunt  and  most  interested  hearers  George  Cass,  the  territorial  judges 
and  other  dignitaries,  and  was  soon  the  leader  in  all  sclentiflc  move- 
ments and  investigations  which  were  entered  upon  in  the  new  territory, 
and  he  was  so  ready  and  thorough  in  his  woriv  that  others  naturally  de- 
fei  red  to  him,  so  that  he  soon  came  to  be  considered  an  authority.  In 
1831,  he  was  selected  to  accompany  Henry  R.  Schoolcraft  in  an  exploring 
expedition  to  the  head-waters  of  the  Mississippi,  the  result  of  which  as 
his  share  of  the  labor  was  an  able  and  valuable  report  upon  the  botany  of 
a  region  which  before  was  almost  unknown  to  the  country. 

Long  before  this  time  there  had  been  rumorsof  great  minei;al  wealth  on 
the  shores  of  Lake  Superior,  and  it  was  known  that  the  Indians  had 
decked  themselves  with  copper  ornaments  procured  there  from  the  earliest 
dnys.  It  was  also  known  there  were  numerous  salt  springs  in  the  state 
and  expectations  ran  high  that  these  would  prove  a  great  source  of  public 
wealth.  Attention  was  directed  to  the  young  jj^eologist  as  the  suitable 
person  to  investigate  and  make  known  the  extent  of  these  sources  of 
wealth,  and  in  1837  when  Ihe  territory  took  on  the  form  of  state  govern- 
ment, one  of  the  very  llrst  things  provided  for  was  the  office  of  state 
geologist  to  whleli  this  young  man,  Douglass  HouGiirON,  even  then  but 
tweni3'^-eight  years  of  age,  was  appointed. 

His  appointment  proved  every  way  admirable.  A  plan  for  a  thorough 
geologicjil  survey  of  the  state  was  soon  matured,  which  was  so  compre- 
hensive in  scope  as  to  leave  little  for  subsequent  improvement.  Four  de- 
partments were  contemplated:  one  of  geology  and  mineralogy  proper, 
one  of  l)0tan3^  one  of  zoology  and  one  of  topography.  In  each  of  these 
there  was  to  be  an  official  head  and  assistants,  but  all  were  to  work  In  co- 
operation and  all  under  the  general  supervision  and  direction  of  the  state 
geologist  himself.  To  make  the  work  more  complete  and  thorough, 
skeleton  maps  were  provided  according  to  the  federal  land  survey,  and 
upon  these  were  to  be  brought  the  residts  of  the  explorations,  so  that  the 
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skeleton  maps  would  be  converted  into  admirable  maps  of  the  townships, 
showing  tlieir  topography  and  natural  features  as  tliey  were  found  by  the 
several  explorers. 

This  Is  not  the  proper  occasion  for  entering  upon  a  detailed  examina- 
tion of  the  work  done — work  very  familiar  to  the  people  of  Michigan,  but 
naturally  of  less  interest  to  others.  It  will  be  suflicient  now  to  say  that 
several  years  of  most  valuable  work  was  done  under  this  plan,  one  of  the 
most  signiticant  results  of  which  was  that  the  people  of  the  state,  through 
the  reports  of  the  state  geologist,  were  made  fully  acquainted  with  the 
wonderful  extent  of  mineral  wealth  beneath  its  surface,  and  the  world 
was  at  length  brought  to  know  that  the  agricultural  possibilities  of 
Michigan,  which  had  been  thought  to  be  limited,  were  in  fact  of  the  very 
highest  promise. 

Unfortunately,  the  State  was  nearly  bankrupted  by  the  ovor-ambitious 
enterprises  of  its  youth,  and  it  became  necessary  to  suspend  the  State 
Survey.  The  geologist,  however,  did  not  for  a  moment  pause  in  his  sci- 
entific studies  and  investigations.  It  has  been  justly  said  of  him  that 
**  hardship  and  labor  had  no  terrors  for  him  in  the  prosecution  of  his 
favorite  studies.  He  was  no  mere  theoretical  geologist.  He  loved  better 
to  study  the  operations  of  nature  in  his  own  workshop  than  to  read  the 
theories  of  any  man  in  his  parlor.  His  mind  could  be  satisfied  only  when 
he  had  put  everything  into  the  crucible  and  tested  it  for  himself." 

Such  a  mind  could  not  rest  and  rust.  He  was  one  of  the  founders  of  the 
Association  of  American  Geologists  and  Naturalists — the  Association  which 
was  the  precursor  of  the  one  which  meets  here  to-day — and  it  is  this  fact, 
and  the  fact  that  he  was  the  first  occupant  of  the  Chair  of  (xeology  in  the 
University  in  whose  halls  we  meet,  that  justify  his  being  brought  to  your 
remembrance  now.  As  a  member  of  the  Association,  he  devised  a  scheme 
of  enlarging  the  scope  of  the  national  surveys  so  as  to  make  them  em- 
brace a  thorough  geological,  mineralogical,  topographical,  and  maguetical 
survey ;  and  he  so  impressed  the  wisdom  of  his  plan  upon  the  minds  of 
his  associates,  that  they  sent  him  as  a  committee  to  Washington  to  secure 
the  proper  action  to  give  his  plan  effect.  His  reception  was  cordial,  but 
difttculties  were  raised :  the  additional  expense  was  one ;  the  difficulty 
of  procuring  competent  men  for  the  work  was  perhaps  more  serious. 
Dr.  Houghton  put  aside  the  objections  as  of  little  moment,  the  expense 
ought  to  be  increased  but  slightly,  and  he  was  so  confident  of  the  feas- 
ibility of  his  plan,  that  he  immediately  proposed  to  take  and  was  given  a 
large  contract  for  surveys  according  to  it.  It  was  while  engaged  in  car- 
rying out  this  contract,  that  one  of  the  most  enthusiastic  and  promising 
scientists  of  America  met  his  death  by  drowning  oft'  the  shores  of  Lake 
Superior  while  as  yet  but  36  years  of  age. 

I  deem  it  proper  to  touch  thus  briefly  upon  the  career  of  this  gifted  young 
man,  not  only  for  what  he  did  in  science  and  because  he  nmy  be  deemed 
one  of  the  originators  of  this  association,  but  also  because  he  was  a 
thoroughly  practical  man,  and  hud  the  true  conception  of  the  place  of 
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science  in  tlie  state,  as  the  enlightener  of  legislation  and  tlie  necessary 
guide  in  a  large  part  of  all  that  pertains  to  internal  regulation.  It  is  not 
an  uncommon  supposition  tliat  the  man  devoted  to  science  stands  apart 
from  his  fellows,  delving  into  matters  tliut  are  curious  rattier  than  useful, 
and  that  practical  men  may  pass  him  by  as  a  dreamer  who  is  not  to  be 
taken  into  account  in  the  great  movements  of  the  day.  Even  now,  after 
science  in  half  a  century  has  almost  made  a  new  world  of  the  habitable 
globe,  tliere  is  still  very  much  of  this  feeling,  and  perhaps  the  geologist 
most  of  all  is  looked  upon  as  a  visionary,  who  goes  about  with  his  ham- 
mer beating  the  dumb  stones  to  make  them  tell  him  the  unfathomable 
mysteries  of  creation,  and  pretending  to  read  in  the  undecipherable  hiero- 
glyphics of  nature  the  evidences  in  support  of  his  fanclfhl  theories.  Bnt 
the  thoroughly  practical  turn  of  Dr.  Houghton's  mind  was  known  to  ail 
his  fellow-citizens  and  had  been  demonstrated  even  before  he  made  his 
advent  into  Michigan.  He  it  was  who  so  far  as  I  know  first  utilized  nat- 
ural gas;  beginning  a  use  for  illuminating  purposes  in  southwestern  New 
York  which  is  continued  to  this  day.  He  had  also  begun  even  thus  early 
the  manufacture  of  percussion  powder,  but  was  stopped  by  an  accidental 
destruction  of  his  works.  But  his  chief  work  was  in  Michigan,  where  he 
bad  located  the  first  salt  wells :  planting  them  not  where  the  general  public 
bad  expected  from  the  surface  indications,  that  he  would,  but  where  his 
study  of  the  rocks  had  satisfied  his  judgment  the  great  deposits  were 
secreted.  He  made  no  mistake,  and  the  rocks  poured  forth  their  hidden 
wealth  at  his  touch.  When  the  storm  occurred  which  brought  his  busy 
and  useful  career  to  a  close,  many  people  in  the  state  had  been  looking 
forward  to  making  him  its  chief  magistrate,  in  the  belief  that  at  a  time 
when  tlie  state  was  in  urgent  need  of  practical  men  at  the  head  of  affairs, 
uo  more  suitable  person  was  to  be  found.  It  is  forty  years  since  he 
passed  away :  had  the  storm  spared  him  lie  might  perhaps  have  been 
with  us  to-day ;  for  his  genial  and  elastic  spirits  contained  ample  promise 
of  old  age;  and  the  old  a^e  of  such  a  man,  like  his  youth,  would  have 
been  one  of  unwearying  labor  and  grand  achievement. 

Such  a  career  is  well  calculated  to  Impress  us  with  the  intimacy  of  the 
relations  between  science  and  the  state.  Possibly  their  relation  may  jus- 
tify me  in  standing  before  you  to-day,  though  I  make  no  pretensions  to 
scientific  knowledge,  and  cannot  claim  the  honor  of  a  membership  in 
your  association.  You  represent  to-day  a  family  of  natural  sciences; 
related,  because  all  truth  is  related ;  so  that  you  may  pursue  your  inves- 
tigations in  harmony  nnd  cooperation,  following  whithersoever  the  truth 
shall  lead.  But  altiiough  much  of  the  inducement  to  this  will  be  the 
mere  pleasure  of  the  investigation  itself,  there  will  also  be  a  practical 
side  which  will  not  be  overlooked.  On  that  practical  side  at  all  times 
will  be  another  science,  which  I  may  assume  to  represent  to-day :  the 
science  of  law ;  which,  if  not  a  member  of  your  family,  is  at  least  so  near 
a  neighbor  as  to  be  entitled  to  the  customary  privileges  of  borrowing  and 
lending.    In  many  ways  the  state  represented  in  its  law  must  be  debtor 
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to  science,  though  I  am  sorry  to  be  obliged  to  confess  that  she  is  quite  too 
apt  to  give  short  measure  in  repaying  the  obligation. 

To-day  a  great  country  in  Europe,  once  its  leading  country,  as  it  might 
perhaps  have  been  yet  but  for  the  unyielding  intolerance  and  persistent 
repression  of  its  civil  and  ecclesiastical  rules,  is  suffering  under  a  fearful 
visitation  of  Asiatic  cholera.  Consternation  is  everywhere,  and  the  liv- 
ing scarcely  summon  courage  to  bury  their  dead  out  of  their  sight.  But 
the  most  mournful  fact  attending  the  scourge  is  that  ignorance  to  a  large 
extent  supplies  the  victims,  and  hands  them  over  bound  and  helpless,  as 
the  priests  of  old  supplied  them  to  Moloch,  and  men  die  by  the  hundred 
because  they  do  not  understand  and  have  never  been  taught  a  few  plain 
truths  of  natural  science.  The  physician,  who  in  their  distress  endeavors 
to  show  them  that  the  plague  is  nature's  punishment  for  foul  living  and 
the  habitual  inhaling  of  poisonous  air,  is  in  danger  of  being  torn  in 
pieces  as  a  man  who  is  probably  spreading  the  disease  under  a  false  pre- 
tence of  trying  to  check  it. 

In  a  neighboring  province  a  large  city  is  suffering  an  equally  severe 
scourge  of  small  pox.  As  in  Spain,  the  poor  and  the  ignorant  are  the 
chief  suffVirers.  Science  long  since  demonstrated  the  existence  of  an  al- 
most perfect  preventive,  but  prejudice  runs  strong  against  it,  and  pa- 
rents resist  its  application  and  allow  their  children  to  die  rather  than 
submit  to  it.  It  is  a  mournful  and  most  discouraging  fact,  for  the  city 
in  which  the  pestilence  is  thus  holding  high  carnival  is  one  in  which  the 
general  standard  of  intelligence  is  high. 

In  cases  like  these  the  law  has  an  important  field  of  action,  which  we 
may  admit  has  never  been  satisfactorily  occupied.  It  is  the  business  of 
the  state  to  protect  the  people  even  against  themselves  within  certain 
tolerably  defined  limits.  No  man  has  a  right,  through  ignorance  or  other- 
wise, to  take  the  life  of  wife  or  children,  or  even  of  himself;  and  the  law, 
when  the  need  is  apparent,  should  interfere  to  prevent  it.  Especially, 
should  It  interfere  to  prevent  the  spread  of  great  pestilences.  If  science 
and  law  could  hand  in  hand  visit  the  sources  of  cholera  in  Asia,  in  the 
plenitude  of  enlightenment  on  the  one  side,  and  of  Irresistible  power  on 
the  other,  who  will  doubt  their  ability  to  strangle  in  its  birth  this  thing  of 
terror  and  destruction  ?  But  it  starts  off"  now  with  the  strength  of  a  giant, 
and  wherever  it  goes  its  ravages  are  proportioned  to  the  want  of  enlight- 
enment. 

It  is  sometimes  thought  that  the  law  is  a  laggard  in  these  matters,  and  "« 
that  legislators  are  culpable  that  they  do  not  devise  and  put  in  force  more 
effective  measures  for  compelling  the  observance  of  sanitary  laws.  But 
is  it  certain  that  those  who  thus  complain  do  not  mistake  the  place  of  law 
in  the  social  state?  Law  cannot  be  a  pioneer:  and  in  all  that  relates  to 
sanitary  laws,  science  must  be  the  John  the  Baptist  to  prepare  the  way 
for  it.  To  give  sanitary  regulations  to  the  Arab  pilgrim  to  Mecca,  who 
drinks  in  pestilence  with  the  foul  water  of  its  holy  well,  would  be  like  In 
wisdom  to  the  formal  delivery  of  the  ballot  box  as  a  means  of  civilization 
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to  the  Comanche  Indian.  The  people  may  be  expected  to  make  good  use 
of  such  law  as  is  approved  by  iheir  understanding  and  sanctioned  by  tbeir 
judgment;  but  they  will  neglect  and  contemn,  if  they  do  not  openly  dis- 
obey and  resist  any  otber.  The  law,  therefore,  must  follow  modestly  in 
the  wake  of  science,  planting  itself  firmly  wherever  the  ground  has  been 
thoroughly  prepared  for  it  through  the  diffusion  of  general  intelligence, 
but  not  attempting  the  vain  task  of  leading  where  it  is  certain  the  people, 
whether  from  prejudice  or  want  of  informaiion  or  other  causes,  will  re- 
fuse to  follow. 

What  has  been  said  in  regard  to  sanitary  laws  is  only  expressive  of  a 
general  truth.  It  is  the  same  in  the  field  of  political  economy:  it  is  the 
same  wherever  science  and  the  state  come  into  important  relations.  Poor 
Rebecca  Nourse  was  executed,  not  for  want  of  law  to  protect  the  inno- 
cent, but  for  the  failure  on  the  part  of  court  and  people  to  apprehend  sci- 
entific truth;  it  was  the  terrible  fact  that  law  had  accepted  ignorant 
superstition  for  its  guide,  to  whicli  she  owed  her  martyrdom.  What  the 
poor  victim  of  delusion  needed  was  less  law  and  more  science;  and  that 
also  was  what  Galileo  wanted,  when  with  the  hand  of  ignorant  power 
upon  his  throat  he  could  only  whisper  his  protest,  '^  but  it  does  move  not- 
withstanding." 

The  American  people  have  recently  been  at  great  trouble  and  expense 
to  elevate  in  their  leading  city  a  colossal  statue,  presented  to  them  by  an 
old  ally,  and  supposed  to  represent  Liberty  enlightening  the  World. 
The  exact  idea  that  was  in  the  mind  of  the  man  who  planned  the  gift  It 
might  be  difficult  to  ascertain ;  and  probably  the  most  of  those  who  con- 
tributed to  it  did  not  pause  to  inquire.  But,  doubtless,  we  should  all  agree 
that  there  may  be  a  liberty  that  does  not  cnligliten,  except  as  it  conveys 
a  warning;  and  that  illustrations  may  be  found  in  America  as  well  as  else- 
where. The  true  liberty  that  enliglitens  the  world  is  the  liberty  of  un- 
trammelled investigation  and  discussion ;  that  seeks  fearlessly  for  the  very 
truth  of  God  in  every  direction,  regardless  of  tradition  or  dogma,  or 
prince  or  people,  and  that  proclaims  the  truth  wlien  found  until  even  an 
unwilling  people,  in  spite  of  prejudices  and  prepossessions,  is  compelled 
to  listen  and  understand  it.  But  there  can  be  no  valuable  liberty  to  the 
people  who  are  at  once  ignorant  and  content  in  their  ignorance.  To  the 
man  who  lives  in  want  and  misery  because  he  is  ignorant  of  such  natural 
laws  as  if  obeyed  would  lift  him  al)ove  want,  It  is  the  same  as  if  such  laws 
were  not  in  existence;  and  political  despotism  could  scarcely  make  his 
case  more  hopeless. 

Assuming,  therefore,  for  the  time  being  to  represent  the  legal  profes- 
sion, I  take  great  pleasure  in  welcoming  this  association  to  our  little  city. 
No  doubt  its  deliberations  will  be,  as  they  always  have  been  at  other 
meetings,  of  great  interest  to  members,  and  lend  largely  to  the  advance- 
ment of  scientific  knowledge.  But  those  of  us  not  immediately  sharing 
in  its  work  may  take  satisfaction  in  looking  forward  to  ultimate  results; 
making  sure  as  we  rightfully  may,  that  whatever  tends  to  develop  aud 
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verify  the  truths  of  science,  and  to  spread  a  knowledge  of  them  among  the 
people,  must  in  large  degree  be  useful  In  preparing  the  way  for  better 
laws,  and  for  a  more  rational  and  beneficent  liberty. 

The  President  next  introduced  President  Jamks  B.  Angell,  who,  on  be- 
half of  the  University  of  Michigan,  said : — 

Mr.  Prksidknt  and  Mrmbkks  of  thk  Association  : —  It  is  my  pleas- 
ant duty,  speaking  in  behalf  of  the  Regents  and  of  the  Senate  of  the 
University,  to  give  you  a  most  cordial  welcome  to  these  halls.  It  may 
well  be  believed  that  the  University  hails  your  coming  with  special  delight, 
for  her  functions  and  yours  are  in  large  part  the  same.  She  like  you  all 
is  called  to  interrogate  nature,  to  study  man,  and  if  possible  to  discover 
scientific  truth.  Like  many  of  you  she  must  give  a  large  part  of  her  force 
to  teaching  scientiric  truth.  She  finds  as  you  have  found,  that  these  two 
functions  of  investigation  and  of  instruction  are  not  incompatible.  Much 
complaint  is  made,  and  sometimes  justly  made,  that  our  scientific  scholars 
are  so  burdened  with  the  duties  of  teaching  that  they  have  neither  time  nor 
strength  left  for  investigation.  We  are  asked  to  establish  foundations  for 
the  support  of  research  alone.  Commendable  as  are  such  foundations,  it  is 
cheering  to  the  University  and  college  men  to  see  how  much  of  the  most 
fruitful  research,  whether  on  this  side  of  the  ocean  or  on  the  other,  is  ac- 
complished by  men  who  are  doing  both  the  work  of  instruction  and  that  of 
investigation.  Is  it  perhaps  true  that  the  scholar,  who  is  held  by  his  duties 
constantly  and  strenuously  in  close  and  vital  relations  with  the  fundamen- 
tal truths  of  his  science,  is  protected  from  the  vagaries  and  visions  which 
sometimes  beset  the  enthusiastic  investigator,  who  is  not  thus  frequently 
recalled  to  his  starting  point?  It  is  certainly  true  that  the  work  of  instruct- 
ing ardent  and  sympathetic  young  minds  tends  to  clarify  and  stimulate  the 
mind  of  the  teacher,  and  that  in  the  attrition  of  the  minds  of  pupils  and  of 
teachers  sparks  of  truth  are  often  struck  out  which  would  otherwise  never 
have  been  seen.  Standing  under  this  roof,  I  may  be  pardoned  if  while  com- 
mending all  rational  plans  for  enabling  some  scholars  to  give  all  their  time 
to  research,  I  express  the  strong  desire  that  friends  of  good  learning  may 
so  generously  endow  the  departments  of  scientific  instruction  in  her  colleges 
and  universities  that  in  every  one  of  them  some  one  Professor  of  each 
science  may,  while  he  gives  instruction,  have  a  liberal  share  of  his  time 
and  a  liberal  suppl}^  of  means  for  investigation  and  research.  What  a 
corps  this  would  furnish  of  trained  men,  brimful  of  the  best  enthusiasm, 
for  pushing  out  the  frontiers  of  scientific  knowledge!  I  know  of  no 
agency  so  fitted  to  assist  in  accomplishing  this  high  end  as  this  Association. 
The  University  may  therefore  well  rejoice  in  your  work  and  in  your  pre- 
sence. 

I  tliinlc  I  may  say  without  impropriety  that  this  University  has  always 
been  as  generous  as  its  means  would  allow  in  fostering  scientific  work. 
The  demands  upon  it  have  constantly  outrun  its  means.  Such  is  the  cas(i 
with  most  educational  institutions.  Judge  Cooley  has  spoken  in  fitting 
terms  of  one  of  the  distinguished  professors  whom  it  early  called  into  its 
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service  and  whose  death  was  so  heavy  a  loss  to  the  University,  to  the 
state  and  to  science.  It  may  interest  you  to  know  tliat  the  very  first 
professor  the  University  appointed  to  any  chair  was  Dr.  Asa  Gray,  the 
profound  and  modest  scholar,  whose  name  is  so  honored  wherever  scien- 
tific learning  and  nobility  of  character  are  respected.  This  institution 
was  one  of  the  very  first  to  establish  a  scientific  course  leading  to  an  ap- 
propriate degree.  Several  of  our  teachers  have  long  been  laborious  and 
honored  members  of  this  Association.  The  modesty  of  the  living  for- 
bids more  specific  reference  to  them.  But  I  am  sure  that  many  of  you, 
as  you  gather  under  the  shadow  of  our  Astronomical  Observatory,  will 
experience  anew  a  pang  of  the  sorrow  which  is  here  so  keenly  felt  and 
which  the  whole  scleutiflc  world  sincerely  felt  at  the  early  and  what 
seemed  to  us  the  untimely  death  of  Watson,  whose  brilliant  genius 
wrote  his  name  and  that  of  the  University  which  reared  him,  and  which 
he  so  long  and  faithfully  served,  high  among  the  stars,  to  be  read  and 
known  of  all  men. 

Ladles  and  gentlemen,  becau.se,  as  we  believe,  this  University  has  a 
love  like  yours  for  the  sciences  you  cherish,  we  are  grateful  for  your  com- 
ing. We  expect  to  receive  instruction,  stimulus  and  inspiration  from 
your  visit.  We  need  your  help,  we  are  but  young.  The  first  class  was 
received  here  in  1841,  a  period  quite  within  the  remembrance  of  a  large 
part  of  this  audience.  Some  of  you  had  graduated  from  college  before 
that  date.  Men  are  living,  it  is  said,  who  have  shot  wild  deer  on  the 
ground  which  now  forms  our  campus.  Under  the  generosity  of  the 
United  States  government  and  of  the  State  of  Michigan  and  through 
the  wise  administration,  at  least  of  those  who  have  gone  before  us,  who 
are  now  charged  with  the  care  of  the  institution,  it  has  attained  a  fair 
degree  of  prosperity. 

The  work  here  is  organized  in  six  departments  :  the  department  of  lit- 
erature, science  and  the  arts  (or  the  collegiate)  including  the  school  of 
engineering  and  the  school  of  political  science,  the  department  of  medi- 
cine and  surgery,  the  department  of  law,  the  school  of  pharmacy,  the 
homoeopathic  medical  college  and  the  dental  college.    It  has  graduated 
nearly  8,000  persons.      It  graduates  annually  in  these  years  from  350  to 
400.      The  aggregate  attendance  of  students  has,  in  recent  years,  ranged 
from  about  1,400  to  nearly  1,550.     Students  of  both  sexes  are  admitted  to 
all  departments  on  terms  of  absolute  equality.    I  am  sorry  that  our  stu- 
dents are  not  here  to  greet  you  with  the  enthusiasm  of  the  young  West. 
A  college  or  university  in  vacation  always  reminds  me  of  a  mill  with  the 
michinery  stopped  and  the  pond  run  dry.     It  is  not  very  interesting.  But 
our  halls,  our  laboratories,  our  collections,  our  libraries  and  a  good  num- 
ber of  our  professors  are  here,  and  whatever  we  have,  whatever  we  are, 
all  are  at  your  service.    Welcome,  thrice  welcome  to  you  all.      May  you 
receive  /rom  this  meeting  pleasure  and  profit  which  shall  bear  at  least 
some  small  proportion  to  that  which  we  know  we  are  to  receive,  and  for 
which  we  desire  most  heartily  to  thank  you  in  advance. 


BXECUTIYB   PROCEEDINGS.  541 

His  Honor,  Dr.  John  Kapp,  Mayor  of  the  city  of  Ann  Arbor,  was  intrq- 
dnced  and  said : — 

Mr.  President,  Ladies  and  Gentlemen  op  the  American  Associa- 
tion FOR  the  Advancement  of  Science: — 

This  municipality  has  honored  Itself  in  inviting  you  the  most  eminent 
representatives  and  votaries  of  science  In  this  great  nation,  to  assemble 
here  for  your  deliberations. 

In  behalf  of  this  City's  representatives  and  citizens,  I  bid  you  one  and 
all  a  hearty  welcome.  We  are  not  unmindful  that  your  presence  here  Is, 
not  because  of  any  particular  regard  for  this  municipality,  not  because  of 
any  particular  regard  for  the  Inhabitants  of  this  beautiful  city,  but  be- 
cause your  Interest  like  ours  clusters  around  and  centers  In  this  great 
University. 

These  walls,  these  buildings,  and  these  beautiful  grounds  bear  witness 
to  the  liberality  of  the  General  Government  and  of  this  state  and  this 
city. 

But  sixty-one  years  ago,  on  this  delightful  spot,  then  so  beautiful 
as  to  be  justly  named  Ann's  Arbor,  the  first  white  man  reared  his  log  cabin 
and  all  around  was  the  great  **forest  primeval." 

Within  tliat  short  space  American  Industry,  enterprise,  energy  and 
thrift  have  not  only  built  up  for  themselves  elegant  homes,  and  great  for- 
tunes, but  have  reared  a  University  renowned  In  all  lands  even  to  the 
Orient. 

Towards  its  founder  the  first  great  chancellor,  and  those  who  have  so 
ably  carried  on  his  gieat  work,  we  entertain  the  highest  respect  and  the 
greatest  affection. 

Justly  indeed  are  our  people  proud  of  this  greatest  seat  of  learning  and 
science  westoTthe  Alleghanles,  and  from  Its  professors* chairs  and  classic 
halls,  already  have  two  been  called  to  preside  over  and  direct  an  Eastern 
University,  second  only  in  fame  and  renown  to  the  University  of  Michi- 
gan. 

During  the  time  you  may  favor  and  honor  us  with  your  presence  we 
cordially  extend  the  free  western  hospitality  in  its  homely  phrase  to 
*'  Make  yourselves  at  home."  Our  citizens  nvill  be  glad  to  know  more  of 
you,  to  greet  you  by  the  hand,  and  to  make  your  stay  among  us  pleasant, 
and  we  hope  profitable  to  you.  Our  pleasant  streets,  our  shady  drives, 
our  healthy  location,  our  hills  furnishing  views  of  miles  of  as  rich  an  agri- 
cultural country  as  ever  the  sun  shone  upon,  will  we  trust  be  remembered 
as  forming  an  oasis  in  the  desert  of  life's  drudgery.  And  permit  me  to  re- 
mind you  also  that  here,  you  are  in  one  of  the  most  prosperous,  and  suc- 
cessful fruit  growing  sections  of  the  country,  farms  devoted  to  fruit 
culture  in  the  hands  of  men  who  are  no  mere  amateurs  as  scientists. 

Although  manufacturng  industries  are  by  no  means  limited,  you  will 
in  our  inhabitants — given  largely  to  scholastic  pursuits  and  scholastic  at- 
tainments— doubtless  miss  much  of  the  bustle,  mad  rush  and  strife  of 
business ;  but  you  will  find  sober-minded,  candid- thinking,  cultured  men, 
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and  accomplished  beautiful  women.  And  for  these,  as  their  representative, 
1  in  their  name  give  you  a  cordial  greeting.  The  freedom  of  the  city  is 
yours,  and  when  we  speed  you  parting  guests  it  may  be  w^ith  the  well 
grounded  assurance,  that  there  remain  with  you,  as  with  us,  lasting  mem- 
ories of  days  pleasantl}'  and  profitably  employed. 

Professor  Nkwton  replied  to  the  addresses  of  welcome  in  the  following 
words : — 

Gkntlkmkn  : — In  the  name  of  the  American  Association  for  the  Advance- 
ment of  .Science,  I  thank  you  and  those  for  whom  you  have  spoken  for 
your  welcome  and  encouragement.  Tliis  Association  has  for  its  ol)ject  the 
advancement  of  science,  a  wt)rtliy,  a  nol)le,  practical  object.  The  sub- 
jects discussed  do  not  include  *'every thing  that  can  interest  a  free  and 
virtuous  people,"  but  they  are  limited  by  no  narrow  bounds.  Nine  sec- 
tions covering  nine  large  empires  in  the  world  of  knowledge  are  parts  of 
the  permanent  organization  of  the  Association.  We  invite  you  to  attend 
the  meetings  of  the  Association,  and  its  sections. 

Tlie  sections  of  Chemistry  and  of  Mechanical  Science  very  appropriately 
in  these  halls  of  Instruction  will,  for  a  part  of  their  time,  give  special  at- 
tention to  methods  of  teaching.  The  Geographers  may  invite  you  to  go 
with  them  to  the  ends  of  the  earth,  the  Geologists  down  into  its  strata, 
or  back  into  geologic  ages.  Another  section  will  discuss  life,  and  the 
forms  and  behavior  of  liviuir  things.  In  the  section  of  Anthropology,  spe- 
cial interpretation  is  given  to  the  old  saying  that  the  proper  study  of  man- 
kind is  man.  The  Pliysicists  will  discuss  the  energy  that  in  varied  forms 
fill  the  world  with  action  and  life.  The  Microscopists  will  ask  you  to 
consider  the  exceedingly  minute  worlds  near  the  homes  of  the  atoms,  and 
the  Astronomers  those  distant  specks  of  light  in  planetary  and  stellar  space. 

You  must  not  be  surprised  if  in  the  section  of  the  exact  sciences  where 
all  the  ground  Is  solid  and  the  foundations  sure  you  should  be  shown  the 
fiatlandof  two  dimensions,  or  the  four  dimensional  space  with  its  wonder- 
ful complexities,  or  twisted  worlds  of  three  dimensions  where  the  adven- 
tures of  Alice  in  wonderland  and  behind  the  looking-glass  are  more  than 
equalled  in  sober  geometry.  Or  you  may  turn  from  these  Imaginary  and 
less  directly  practical  subjects  to  the  section  of  Economic  Science  and 
Statistics  where  the  real  and  immediatel}'  practical  and  ever-pressing  ques- 
tion is  to  be  discussed,  ''What  shall  the  poor  man  eat." 

To  any  of  the  varied  discussions  we  cordially  invite  you. 

The  Gknkral  Skcuktary  announced  that  all  Special  Committees  must  re- 
port to  tlie  Standing  Committee  on  Saturday  morning ;  he  called  attention 
to  the  duties  of  the  sectional  committees ;  stated  that  all  titles  of  papers 
must  be  accompanied  by  abstract  or  they  will  not  be  considered  by  the 
Standing  Committee,  and  that  the  manuscript  of  all  papers  to  appear  in  the 
proceedings  must  l)e  in  the  Secretary's  hands  before  the  final  adjournment, 
in  accordance  with  the  vote  of  the  Standing  Committee. 

The  Pkumanknt  Skcuih  auy  announced  amendment  to  Article  31  of  the 
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constitation,  the  object  being  to  chan«re  it  so  as  to  require  aD  authors  to 
hand  in  their  manascript  for  publication  before  the  final  adjournment  of 
the  Association. 

The  Pkrmanext  Secretary  read  the  following  list  of  the  members  and 
fellows,  notices  of  whose  death  have  been  received  since  the  Philadelphia 
meeting. 

Bex  J.  Alvord,  Washington,  D.  C.  Joined  at  the  17  th  meeting.  Died 
Oct.  16,  1884,  at  the  age  of  71. 

Hkxry  W.  Blair,  Washington,  D.  C.  Joined  at  the  26th  meeting. 
Died  Dec.  15,  1884. 

John  Bcll,  Washington,  D.  C.  Joined  at  the  81st  meeting.  Born 
Aug.  1,  1819.     Died  June  9, 1884. 

J08RPI1  Chkstkr  Burke,  Middletown,  Conn.  Joined  at  the  29th  meet- 
ing.   Died  1885. 

Louis  M.  Cheksman,  Hartford,  Conn.  Joined  at  the  32Qd  meeting. 
Died  in  Jan.,  1885,  aged  72  years. 

Joseph  S.  Copks,  New  Orleans.  La.  Joined  at  the  11th  meeting.  Born 
Dec.  9,  1811.     Di*d  Mar.  1,  1885. 

John  D.  Crkhork,  Cleveland,  Ohio.    Joined  at  the  24th  meeting. 

Louis  Elsberg,  New  York,  N.  Y.  Joined  at  the  23rd  meeting.  Died 
Feb.  19,  1885,  aged  48  years. 

Hkxry  L.  Eustis,  Cambridge,  Mass.  Joined  at  the  2nd  meeting.  Born 
Feb.  1,  1819.     Died  Jan.  11,  1885. 

Rob KUT  James  Farquh arson,  Des  Moines,  Iowa.  Joined  at  the  24  th 
meeting.     Died  Sept.  6,  1884. 

Mrs.  Mary  E.  Morgan,  Rochester,  N.  Y.    Joined  at  the  31st  meeting. 

W.  A.  Norton,  New  Haven,  Conn.    Joined  at  the  6th  meeting. 

Jamks  Orton,  Poughkeepsie,  N.  Y.  Joined  at  the  18ih  meeting.  Died 
Sept.  24, 1877. 

Isaac  J.  Osbun,  Salem,  Mass.    Joined  at  the  29th  meeting. 

John  C.  Phillips,  Boston,  Mass.  Joined  at  the  29th  meeting.  Died 
March  1,  1885,  aged  46  years  and  9  mos. 

Robert  E.  Rogers,  Philadelphia,  Pa.  Joined  at  the  18th  meeting. 
Died  Sept.  7,  1884. 

Benjamin  Silliman,  New  Haven,  Conn.  Joined  at  the  first  meeting. 
Born  Dec.  3,  1816.     Died  Jan.  14,  1885. 

Charles  A.  Smith,  St.  Louis,  Mo.  Joined  at  the  28th  meeting.  Died 
In  1884. 

J.  J.  Woodward,  Washington,  D.  C.  Joined  at  the  28th  meeting. 
Born  Oct.  30,  1833.     Died  Aug.  17,  1884. 

Wayman  Crow,  St.  Louis,  Mo.  Joined  at  the  28th  meeting.  Born 
March  7,  1808.     Died  May  10,  1885. 

HknryB.  Parsons,  New  York,  N.  Y.  Joined  at  the  30th  meeting.  Born 
1885.     Died  Aug.  21,  1885. 

Albert  Todd,  St.  Louis,  Mo.  Joined  at  the  27th  meetiag.  Died  April, 
1885.    Aged  72. 
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The  Pkhmanknt  Skcrktary  announced  that  one  hundred  papers  had 
beou  received  so  far  for  the  present  meeting. 

Announcements  were  made  by  the  Local  Committee,  and  were  printed 
on  tlie  daily  program. 

The  following  invitation  to  the  Association  was  read  by  Prof.  Winch kli.  : 

Dr.  Alkxandkr  Winchell,  Ann  Arbor,  Mich. 

Chairman  of  Excursion  Committee  for  Meeting  of  the  American  Asso- 
elation  for  the  Advancement  of  Science. 

Dear  Sir  : 

The  undersigned,  a  Committee  representing  the  citizens  of  Detroit, 
respectfully  invite  the  Members  of  the  American  Association  for  the  Ad- 
vancement of  Science  to  an  excursion  to  Detroit,  and  from  there,  by  boat, 
to  the  Kock  Salt  Wells  at  Marine  City,  and  to  the  Oakland  Summer  Kesort 
on  the  St.  Clair  Elver,  upon  Saturday,  Aug.  29,  1885. 

A  special  train,  upon  the  Michigan  Central  Railroad,  will  leave  Ann 
Arbor,  for  your  accommodation,  at  7o*clock  a.m.,  standard  time,  on  that 
day,  and  will  return  so  as  to  reach  Ann  Arbor  at  8.45  p.m.,  of  the  same 
day. 

Trusting  that  we  may  be  honored  by  the  acceptance  of  this  invitation, 
we  are, 

Very  respectfully  yours, 

Jamks  F.  Joy, 
Bela  Hubbard, 
James  Mc  Mill  an, 
Stephen  B.  Grummond,  Mayor, 
Bryant  Walkkr,  Committee, 

Secretary, 

Eighty-two  new  members  were  elected. 

It  was  voted  to  adopt  the  recommendation  of  the  Standing  Committee 
that  morning  sessions  of  the  sections  begin  at  10  and  close  at  12i  o'clock, 
and  afternoon  sessions  begin  at  2  and  close  at  5  o'clock. 

Amendment  to  Article  3  of  the  constitution  was  adopted  so  that  it  now 
reads : 

Art.  3.  Any  person  may  become  a  member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  and  election  by 
the  Standing  Comniiltee. 

Prof.  William  IIarkness  of  Washington,  D.  C,  was  elected  VicePres- 
ivlent  of  section  A,  in  the  absence  of  the  Vice  President  elect. 

Prof.  S.  P.  Langley  of  Allegheny,  Penn.,  was  elected  Vice  President 
of  section  B  in  place  of  Professor  Brackett,  resigned. 

Wednesday  Evening,  August  2G, 

President  Nkwton  in  the  chair. 

The  Geneiul  Secretary  announced  Capt.  Corthell's  lecture  for  Friday 
eveulug. 
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The  Presidrnt  then  introduced  the  retiring  President  who  delivered 
his  address  which  is  printed  in  full  in  the  present  volume. 

Prof.  Jambs  Hall  in  a  brief,  eloquent  speech  moved  a  vote  of  thanks 
to  President  Lbslry;  the  motion  was  seconded  by  Dr.  T.  Stkurv  Hunt 
and  was  carried  unanimously  with  acclamation. 

Thursday  Morning,  August  27. 

President  Nbwton  In  the  chair. 

The  following  elections  of  officers  to  fill  vacancies  were  made : — 

Prof.  N.  T.  LuPTON,  Vice  President  of  Section  C. 
Prof.  T.  J.  BuRRiLL,  Vice  President  of  Section  F. 
Rev.  J.  OwBN  DoRSBY,  Vice  President  of  Section  H. 

The  election  of  new  members  83-110  by  the  Standing  Committee  was 
announced. 

The  Grnrral  Secrktary  announced  thatln  compliance  with  the  wishes 
of  many  members  who  desire  to  hear  the  papers  in  Sections  A  and  B,  it 
has  been  arranged  that  for  the  present  each  of  these  sections  will  hold 
but  one  session  daily;  Section  A  meeting  Immediately  after  the  adjourn- 
ment of  the  general  session,  and  Section  B  at  2  p.  m. 

The  General  Skgrrtary  announced  that  members  and  fellows  Interest- 
ed In  Section  G  are  requested  to  be  present  in  that  section  this  afternoon 
at  2.30  o*clock  to  discuss  the  proposed  fusion  of  the  section  with  Section 
F. 

The  Chairman  of  the  Committee  on  Excursions  made  some  an- 
nonncements  concerning  the  excursions. 

•Friday  Morning,  August  28. 

President  Newton  in  the  chair. 

The  General  Secretary  announced  that  the  Standing  Committee 
made  the  following  recommendations : — 

1.  That  the  Constltntion  be  so  amended  that  the  name  of  Section  D, 
be  changed  to  Mechanical  Science  and  Engineering. 

2.  That  the  Constitution  be  so  amended  as  to  fuse  Section  G  with  sec- 
tion F. 

The  Secrktary  further  announced  that  both  these  amendments  were 
proposed  at  the  request  of  the  sections  principally  concerned  and  read 
the  following  resolution  passed  by  Section  G : 

Resolved:  That  Section  G  requests  the  Association  to  fuse  Section  G 
with  section  F. 

The  Secretary  further  announced  that  In  occordance  with  the  constitu- 
tion the  proposed  amendments  were  announced  last  year  In  general  ses- 
sions, but  owing  to  an  error  of  the  secretary  the  announcements  are  not 
included  in  the  official  records;  therefore  the  Standing  Committee  recom- 
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mend  that  the  records  be  so  amended  as  to  make  these  announcements 
appear. 

It  was  moved,  seconded  and  carried  that  the  records  be  thus  amended. 

It  was  moved,  seconded,  and  after  due  explanation  by  Professor  Thurs- 
ton of  tlie  object  of  the  change,  carried,  to  adopt  the  amendment  to  the 
constitution  in  regard  to  Section  D,  as  recommended. 

It  was  moved,  seconded,  and  carried,  to  adopt  the  amendment  of  the 
constitution  in  regard  to  Section  G,  as  recommended. 

On  behalf  of  the  Secretary,  Prof.  S.  P.  Langlry  read  the  following 
resolutions  recommended  to  be  passed  by  the  Standing  CoMMirTRE: — 

}V7iereas,  Tlie  attention  of  tliis  Association  has  been  called  to  the  articles 
in  the  public  press,  purporting  to  give  and  presumably  by  authority,  an  offi- 
cial report  of  a  commission  appointed  by  the  Treasury  Department  to  In- 
vestigate the  condition  of  the  U.  S.  Coast  Survey  Office,  in  which  report 
the  value  of  certain  scientific  work  is  designated  as  ''meagre.  " 

And  whereas  this  Association  desires  to  express  a  hope  that  the  decis- 
ion as  to  the  utility  of  such  scientific  work  may  be  referred  to  scientific 
men. 

Besolvedj  That  the  American  Association  for  the  Advancement  of  Science 
is  In  earnest  sympathy  with  the  government  In  Its  every  Intent  to  secure 
the  greatest  possible  efficiency  of  the  public  service. 

Resoloedy  That  the  value  of  the  scientific  work  performed  in  the  various 
departments  of  the  government  can  be  best  judged  by  scientific  men. 

Besolvedj  That  this  Association  desires  to  express  Its  earnest  approval 
of  the  extent  and  high  character  of  the  work  performed  by  the  U.  S. 
Coast  Survey,  especially  as  illustrated  by  the  gravity  determinations  now 
in  progress,  and  to  express  the  hope  that  such  valuable  work  may  not  be 
interrupted. 

JResolvedt  That  this  Association  express,  also,  the  hope  that  the  govern- 
ment will  not  allow  any  technical  rule  to  be  established  that  shall  neces- 
sarily confine  Its  scientific  work  to  Its  own  employes. 

Besolved,  That,  In  the  opinion  of  the  American  Association  for  the  Ad- 
vancement of  Science,  the  head  of  the  Coast  Survey  should  be  appointed  by 
the  President,  with  the  advice  and  consent  of  the  Senate,  should  have  the 
highest  possible  standing  among  scientific  men  and  should  command  their 
entire  confidence. 

Besolvedt  That  copies  of  these  resolutions  shall  be  prepared  by  the  gen- 
eral secretary  and  certified  by  the  President  of  the  Association  and  by 
the  Permanent  Secretary,  and  shall  be  forwarded  to  the  President  of  the 
United  States,  the  Secretary  of  the  Treasury  and  given  to  the  press. 

It  was  then  moved  to  accept  the  report  and  adopt  the  resolutions. 
The  motion  was  seconded  by  Prof.  Thurston  who  with  Prof.  Jamrs  Hall, 
Capt.  Coffinbkrry,  Prof.  Alkx.  Winchkll,  and  Prof.  Mrndknhall, 
spoke  in  favor  of  the  resolnlion  and  were  waimly  applauded.  The  mo- 
tion was  carried  by  a  unanimous  vote. 
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Friday  Evening,  August  28. 
President  Newton  in  the  chair. 

It  was  announced  that  the  Association  Post  Office  would  be  open  on 
Sunday,  from  9.30  to  10.30  a.  m. 

The  President  introduced  Capt.  E.  L.  Corthell  of  New  York,  who 
delivered  the  lecture  of  the  evening,  entitled  "The  Inter-oceanic  problem, 
and  its  scientific  solution." 

Saturday  was  devoted  to  the  enjoyment,  by  nearly  all  the  members 
In  attendance,  of  the  excursion  provided  by  the  liberality  of  the  citizens 
of  Detroit,  which  passed  off  with  remarkable  smoothness  and  perfec- 
tion of  arrangement,  and  was  very  greatly  enjoyed  by  all  the  partici- 
pants. Taking  an  early  train  to  Detroit  and  there  passing  on  to  the 
steamer,  the  excursionists  were  conveyed  to  the  rock  salt  wells  at  Marine 
City,  and  after  a  most  interesting  visit  to  the  salt  works,  were  taken  far- 
ther to  the  Oakland  House  on  the  St.  Clair  River,  where  they  found 
awaiting  them  a  sumptuous  repast,  which  was  seriously  appreciated.  On 
the  return,  Detroit  was  reached  at  early  evening,  and  a  special  train  was 
found  waiting  to  carry  those  who  wished  back  to  Ann  Arbor. 

Monday  Morning,  August  81. 

President  Newton  in  the  chair. 

The  General  Secretary  read  the  following  letter : 

Ann  Arbor,  Mich.,  Aug.  31,  1885. 

The  Observatoiy  will  be  open  to  visitors  this  afternoon  from  2  to  6 
o'clock,  and  In  the  evening  from  7.30  to  11  o'clock;  and  to-morrow  after- 
noon and  evening  at  the  same  hours. 

J.    W.    ScnAEBERLE. 

The  following  Members  were  elected  by  ballot  ns  Fellows  of  the  Asso- 
ciation : 

Abbott,  Helen  C.  DeS.,  1509  Locust  St.,  Philadelphia,  Pa.  (33). 
Adams,  Frank,  41  McGill  College  Avenue,  Montreal,  Can.  (29). 
Agnew,  Dr.  Cornelius  R.,  266  Madison  Avenue,  New  York,  N.  Y.  (32). 
Alden,  Prof.  Geo.  I.,  Worcester,  Mass.  (33). 
Ayres,  Prof.  Brown,  Tulane  University,  New  Orleans,  La.  (31). 

Babcock,  S.  Moulton,  N.  Y.  Agrlc.  Experiment  Station,  Geneva,  N.  Y, 

(33). 
Barnes,  Prof.  Chas.  R.,  297  Columbia  St.,  Lafayette,  Ind.  (83). 
Bayne,  Prof.  Herbert  A.,  Ph.D.,  Royal  Military  College,  Kingston,  Ont. 

(29). 
Beardsley,  Prof.  Arthur,  Swarthmore  College,  Swarthmore,  Del.  Co.,  Pa, 

(33). 
Bell,  Alex.  Melville,  1525  S5th  St.,  Washington,  D.  C.  (31). 
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Boardman,  Mrs.  Wm.  D.,  38  Kenll worth  St.,  Roxbary,  Mass.  (28). 
Bond,  Geo.  M.,  The  Pratt  and  Whitney  Co.,  Hartford,  Conn.  (33). 
Bourke,  John  6.,  Capt.  3rd  Cavalry,  U.  S.  A.,  care  Adj.  Gen.  U.  S.  A., 

Washington,  D.  C.  (33). 
Brashear,  Jiio.  A.,  8  Holt  St.,  Pittsburg,  S.  S.,  Fa.  (83). 
Brinton,  Daniel  G.,  M.D.,  Media,  Pa.  (83). 
Butler,  A.  W.,  Broolcvllle,  Franklin  Co.,  Ind.  (30). 

Cooley,  Prof.  Mortimer  E.,  Univ.  of  Mich.,  Ann  Arbor,  Mich.  (83). 

Davis,  Prof.  Wm.  Morris,  jr.,  Cambridge,  Mass.  (33). 
Doollttle,  Prof.  C.  L.,  South  Bethlehem,  Pa.  (25). 
Douglass,  Andrew  E.,  P.  O.  Box  605,  New  York,  N.  Y.  (31). 

Eaton,  Prof.  James  R.,  Liberty,  Mo.  (29). 

Elkin,  William  L.,  Yale  College  Observ.,  N£W  Haven,  Conn.  (33). 

Fanning,  John  T.,  Manchester,  N.  H.  (29). 

Glbbs,  Prof.  J.  WlUard,  New  Haven,  Conn.  (83). 
Gladding,  Thomas  S.,  Box  1261,  New  York,  N.  Y.  (30). 
Grinnell,  G.  B.,  39  Park  Row,  New  York  City  (25). 

Hallock,  Albert  P.,  Ph.D.,  249  East  81st  St.,  New  York,  N.  Y.  (31). 

Hart,  Edw.,  Ph.D.,  Easton,  Pa.  {SS). 

Haupt,  Prof.  Lewis  M.,  University  of  Pennsylvania,  Philadelphia,  Pa. 

(82). 
Heilprlu,  Prof.  Angelo,  Acad.  Nat.  Sciences,  Philadelphia,  Pa.  (33). 
Hendricks,  J.  E.,  Des  Moines,  Iowa  (29). 
Herlng,  Rudolph,  326  Walnut  St.,  Philadelphia.  Pa.  (83). 
Hicks,  Prof.  Lewis  E.,  State  Univ.,  Lincoln,  Neb.  (31). 

Jenkins,  Edw.  H.,  New  Haven,  Conn.  (38). 

Kimball,  Arthur  Lalanne,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (83). 
Kolbe,  C.  W.,  Ph.D.,  32  Longwood  Ave.,  Cleveland,  Ohio  (33). 

La  Flesche,  Francis,  Indian  Bureau,  Interior  Dept.,  Washington,  D.  C. 

(38). 
Lehman,  G.  W.,  Ph.D.,  67  So.  Gay  St.,  Baltimore,  Md.  (30). 

McAdams,  Wm.,  Alton,  111.  (27). 

McNeill,  Malcolm,  Princeton,  N.  J.  (82). 

Merrlam,  C.  Hart,  M.D.,  Locust  Grove,  Lewis  Co.,  N.  Y.  (38). 

Merrlman,  Prof.  Mansfield,  Lehigh  Univ.,  Bethlehem,  Pa.  (32). 

Metz,  Charles  L.,  M.D.,  MadlsonvUle,  Hamilton  Co.,  Ohio  (30). 

Murdock,  J.  B.,  Lieut.  U.  S.  N.,  24  Alaska  St.,  Roxbury,  Mass.  (28). 

Noyes,  William  A.,  Ph.D.,  Univ.  of  Tennessee, KnoxvlUe,  Tenn.  (82). 

Owens,  Mary  E.,  270  W.  7th  St.,  Cincinnati,  Ohio  (80). 

Paul,  Prof.  Henrj'  M.,  U.S.N.  Obserr.,  Washington,  D.  C.  (88). 
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Peabody,  Prof.  S.  H.,  Regent  Illinois  Indastrial  Univ.,  Champaign,  III. 

(30). 
Plllsbary,  Prof.  John  H.,  Smith  College,  Northampton,  Mass.  (23). 

Richards,  Prof.  Charles  B.,  43  Elm  St.,  New  Haven,  Conn.  (33). 

Salmon,  Daniel  E.,  Dep't  of  Agrlc,  Washington,  D.  C.  (31). 

Sewall,  Prof.  Henry,  Ann  Arbor,  Mich.  (34). 

Smith,  Prof.  Charles  J.,  Cleveland,  Ohio  (82). 

Stevenson,  James,  Ass't  Ethnologist,  Washington,  D.  C.  (29). 

Still  well,  Charles  M.,  Box  1261,  New  York,  N.  Y.  (80). 

Stowell,  Prof.  T.  B.,  Cortland,  N.  Y.  (28). 

Strlngham,  Prof.  Irving,  Univ.  of  Cal.,  Berkeley,  Cal.  (33). 

Taylor,  Thomas,  M.D.,  Dept.  of  Agrlc,  Washington,  D.  C.  (29). 
Thomson,  Wm.,  M.D.,  1426  Walnut  St.,  Philadelphia,  Pa.  (33). 

Underwood,  Prof.  Luclen  M.,  214  East  Genesee  St.,  Syracuse,  N.  Y.  (83). 

Vogdes,  A.  W.,  1st  Lt.  5th  Art'y,  U.  S.  A.,  The  Military  Service  Institu- 
tion, Governor's  Island,  N.  Y.  (82). 

White,  Prof.  H.  C,  Univ.  of  Georgia,  Athens,  Ga.  (29). 

Whitman,  Prof.  Frank  P.,  Rensselaer  Polytechnic  Inst.,  Troy,  N.  Y.  (S3). 

Williams,  Prof.  S.  G.,  Cornell  Univ.,  Ithaca,  N.  Y.  (33).  ^ 

Wilson,  H.  C,  Cincinnati  Observatory,  Mt.  Lookout,  Hamilton  Co.,  Ohio 

(30). 
Wlnlock,  Wm.  C,  U.  S.  Observ.,  Washington,  D.  C.  (33). 
Woodward,  R.  S.,  care  U.  S.  Geol.  Survey,  Washington,  D.  C.  (33). 
Wright,  Elizur,Box  109,  Boston,  Mass.  (81). 

It  was  announced  that  the  Standing  Committee  had  voted  that  all 
members  of  committees  must  be  members  or  fellows  of  the  Association. 
A  call  was  then  made  for  reports  of  committees. 

Committee  1  presented  no  report  and  was  continued. 
Committee  2  had  previously  reported. 
Committee  3  reported  progress  and  was  continued. 
Committee  4  reported  progress  and  was  continued. 
Committee  5  presented  a  printed  report,  which  was  accepted ;  and  the 
committee  reconstituted  as  follows : 

Committee  on  Stellar  Magnitudes. 

E.  C.  Pickering  of  Cambridge,  S.  W.  Burnham  of  Chicago, 

Asaph  Hall  of  Washington,  William  Harknrss  of  Washington, 

E.  S.  Holdkn  of  Madison,  Simon  Nkwcomb  of  Washington, 

Ormond  Stone  of  Univ.  of  Va.,  C.  A.  Young  of  Princeton. 

Committee  6  presented  a  written  report  which  was  accepted.  The  title 
of  the  Committee  was  changed  to  ^^ Committee  on  International  Scientific 
Congress^  "  and  the  committee  was  then  continued. 
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Committee  7  presented  a  written  report  which  was  referred  to  section  C 
to  be  read.    The  Committee  was  then  continued. 

Committee  8  presented  an  informal  report  of  progress  and  was   con- 
tinued. 
Committee  9  reported  progress  and  was  continued. 
Committee  10  reported  progress  and  was  continued.    The  correspond- 
ence with  Admiral  Bedford  Pym  in  regard  to  the  meeting  of  the  Associa- 
tion in  Loudon  was  referred  to  this  committee. 
Committee  11  reoorted  progress,   was  enlarged  by   the  addition  of 

8.  F.  Baird  of  Washington, 
Simon  Nbwcomb  of  Washington, 
T.  C.  Mkndkkhall  of  Washington, 
and  was  continued. 
Committee  12  presented  an  informal  report  and  was  discharged. 
Committee  13  made  no  report  and  was  discharged. 
Committee  14  reported  progress,  and  was  reconstituted  as  follows : 

HARnisoN  Allkx  of  Philadelphia, 
H.  OsBORN  of  Ames, 
T.  B.  Stowkll  of  Cortland, 

B.  G.  Wiu>BR  of  Ithaca, 
and  was  continued. 

Committee  15  presented  a  written  report  which  was  accepted.  The 
committee  was  continued  after  being  reconstituted  as  follows : 

J.  C.  Arthur  of  Charles  City, 

C.  £.  Bessby  of  Lincoln, 

T.  J.  BuRRiLL  of  Champaign, 

W.  G.  Farlow  of  Cambridge, 

C.  V.  Riley  of  Washington. 
Committee  16  presented  no  report  and  was  discharged. 
Committee  17  presented  a  report  which  was  referred  to  section  F,  and 
was  continued. 
Committee  18  had  performed  its  duties  and  was  continued. 

Tuesday  Morning,  September  1. 

President  Newton  in  the  chair. 

Prof.  S.  G.  Williams  was  elected  Assistant  General  Secretary  for  this 
meeting. 

The  following  officers  for  the  ensuing  year  were  elected : — 

Pt^esident:  £.  S.  Morsk,  of  Salem,  Mass. 

Vice  Presidents:  A.  Mathematics  and  Astronomy — J.  W.  Gibes  of  New 
Haven,  Conn.  B.  Physics — C.  F.  Brackktt  of  Princeton,  N.  J.  C.  Cheni' 
istiTf—K.  W.  WiLRY  of  Washington,  D.  Mechanical  Science  and  Engi- 
neering— O.  Chanutk  of  Kansas  City,  Mo.  £.  Oeology  and  Creography—T. 
C.  Chambrklix  of  Washington,  P.  Biology — H.  P.  Bowditch  of  Boston, 
Mass.  H.  Anthropology—Kows.'no  Halk  of  Clinton,  Out.  I,  Economic 
Science  and  Statistics— Joseph  Cummings  of  Evanston,  111. 
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Permanent  Secretary:  F.  W.  Putnam  of  Cambridge,  Mass.  (holding 
over). 

General  Secretary :  S.  G.  Williams  of  Ithaca,  N.  Y. 

Assistant  General  Secretary:  W.  H.  PisTTHKof  Ann  Arbor,  Mich. 

Secretaries  of  the  Sections:  A*  Mathematics  and  Astronomy: — S.  C. 
Chandlrk  of  Cambridge,  Mass.  B.  Physics— K.  S.  Cauhart  of  Evanston, 
III.  C.  Chemistry— W Id,  MgMurtkik  of  Champaign,  III.  D.  Mechanical 
Science  and  Engineering — Wiluam  Kent  of  Jersey  City,  N.  J.  E.  Geology 
awd  Geography—^.  W.  Claypolk  of  Akron,  Ohio.  F.  Biology— J.  C. 
Arthur  of  Geneva,  N.  Y.  H.  Anthropology— A,  W.  Butlkr  of  Brook- 
ville,  Ind.  I.  Economic  Science  and  Statistics — H.  £.  Alvord  of  Moun- 
tainvllle,  N.  Y. 

Treasurer :  William  Lilly  of  Maach  Chunk,  Pa. 

It  was  voted  to  hold  the  next  meetiog  in  Baffalo,  N.  Y.,  commencing 
Wednesday,  Aug.  18,  1886. 

Dr.  Charles  S.  Minot  proposed  the  following  amendments  to  the  Con- 
stitution. 

1.  To  refer  the  election  of  fellows  to  the  Standing  Committee. 

2.  To  liave  all  reports  of  committees  presented  to  the  Standing  Com- 
mittee and  only  such  reports  read  In  General  Sessions  as  the  Standing 
Committee  shall  direct. 

3.  To  have  two  fixed  General  Sessions,  one  for  the  opening  and  one  for 
the  closing  exercises,  and  such  other  General  Sessions  as  the  Standing 
Committee  shall  determine. 

4.  That  the  Standing  Committee  appoint  at  its  first  session  during  the 
annual  meeting  three  sub- committees,  to  hold  oflSce  during  the  meeting — 
1,  On  papers  and  reports;  2,  On  members;  3,  On  fellows. 

Tuesday  Evening,  September  1. 

President  Newton  in  the  chair. 

It  was  voted  upon  recommendation  of  the  Standing  Committee  to  ap- 
point the  following  ** Committee  on  Physics  Teaching: — " 

T.  C.  Mendenhall  of  Washington. 
W.  A.  Anthony  of  Ithaca. 
H.  S.  Cariiart  of  Evanston. 
F.  II.  Smith  of  Cliarlottesvllle. 
John  Trowbridge  of  Cambridge. 

Dr.  C.  S.  Minot  moved  that  the  following  resolution  be  passed. 

Resolved  : — That  the  very  cordial  and  hearty  thanks  of  the  Association 
be  extended  in  grateful  acknowledgment: — 

To  the  authorities  of  the  University  for  the  generous  hospitality  which 
has  accorded  to  us  such  fine  and  ample  accommodations  for  all  our  meet- 
ings, and  to  President  Angell  for  the  welcome  he  so  warmly  extended  to 
us,  which  has  been  emphasized  by  fact  as  well  as  word. 

To  the  Citizens  of  Ann  Arbor  for  their  Innumerable  courtesies,  which 
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have  made  every  day  a  pleasure  and  the  whole  n)eetin<i:  thoroughly  satis- 
fnctory  and  enjoyable.  To  the  Local  Committee  and  Judge  Cooley  its 
chairman  for  the  very  admirable  and  perfect  arrangements  they  have  made 
throughout— to  Judge  Harriman  and  Mrs.  Gov.  Ashley  and  the  Ladies'  Re- 
ception Committee  for  the  delightful  and  successftil  reception  at  the  Court 
House. 

To  Prof.  Alex.  Winchell  and  the  members  of  the  Excursion  Committee 
for  their  devoted  labors  and  the  valued  excursion  privileges  they  have  se* 
cured  us. 

To  M»j.  Harrison  Soule  and  the  Transportation  Committee  for  the  ad- 
vantages they  have  secured  for  us,  favoriug  the  coming  and  speeding  the 
parting  guest. 

To  the  City  Council  and  Mayor  for  the  important  and  essential  contri- 
butions they  have  made  to  the  welfare  and  prosperity  of  this  meeting. 

To  tlie  Ladies  of  Ann  Arbor  for  the  charming  lawn  party  in  the  Univer- 
sity Campus. 

To  the  Citizens  of  Detroit  for  the  excursion  provided  by  their  lll>erality, 
which  nearly  all  of  us  eagerly  profited  by  and  greatly  enjoyed. 

To  Prof.  W.  H.  Pettee  for  his  steadfast  supervision  of  the  printing,  in 
consequence  of  which  the  daily  programme  has  always  been  issued 
promptly. 

To  the  Local  Secretary,  Prof.  J.W.  Langley,  for  his  rare  devotion  to  the 
advancement  of  evei7  interest  connected  with  this  meeting,  and  his  un- 
remitting attcntiou  to  everything  which  could  promote  the  success  and 
pleasure  of  this  meeting. 

Dr.  Charles  S.  Minot  then  presented  to  Prof.  J.  W.  Lanolby  on 
behalf  of  the  Association  and  in  accordance  with  the  unanimous  vote  of 
the  Standing  Committkk  a  complete  set  of  the  Publications  of  the  As- 
sociation, which  was  placed  upon  the  table  by  the  Pjcrmanent  Seguk- 
TARY.    Prof.  Wm.  Hakknbss  seconded  the  motion. 

Prof.  Langlky,  although  taken  completely  by  surprise  at  this  action  of 
the  Association,  in  very  felicitous  terms  expressed  his  appreciation  of  the 
thanks  and  the  gift  made  to  him  by  the  Association. 

The  previous  motion  was  then  ably  seconded  by  Messrs.  Copb,  Dorsry, 
Bkssby,  Brashear,  Halk,  Macfarland,v  and  Rockwbll  and  was  carried 
with  great  applause  by  a  unanimous  vote. 

The  Pkrmanent  Secrktary  gave  the  following  statistics  of  the  meeting : 
Three  hundred  and  sixty-four  members  liave  registered  during  the  pres- 
ent meeting.  One  hundred  and  llfty-four  new  members  have  been  elected. 
The  members  in  attendance  by  states  and  from  Canada  are  as  follows : 
Michigan  78,  New  York  49,  Ohio  87,  Illinois  33,  Massachusetts  81,  Dis- 
trict of  Columbia  23,  Pennsylvania  17,  Indiana  14,  Iowa  12,  Wisconsin  9, 
New  Jersey  7,  Nebraska  6,  Minnesota  6,  Tennessee  6,  Kentucky  5,  Mis- 
souri 4,  Kansas  4,  Texas  4,  Canada  3,  Florida  3,  Rhode  Island  3,  Mississippi 
3,  Connecticut  2,  Maryland  1, Virginia  1,  Alabama  1,  Louisiana  1,  Vermont 
1,  Arkansas  1,  Wyoming  Territory  1,  =  364. 


£XBOUTIV£   PROGESDIKOS.  553 

The  papers  read  and  addresses  delivered  daring  the  ir.eetiiig  were^as 
follows: — President's  Address,  1;  Vice  Presidents'  Addresses,  7;  lecture 
in  General  Session,  1;  papers  before  Section  A,  12;  Section  B,  23;  Sec- 
tion C,  18;  Section  D,  12;  Section  E,  27;  Section  F,  32;  Section  G,  4; 
Section  H,  26;  Section  I,  21»181. 

President  Newton  made  a  few  remarks  and  declared  the  thirty-fourth 
meeting  of  the  Association  adjourned. 

Charles  Sedgwick  Mi  not, 

General  Secretary, 

After  the  formal  close  of  the  meeting  a  number  of  the  members  went  on 
the  excursion  provided  by  the  Local  Committee  to  Macliiuaw  Island,  en- 
Joying  both  that  and  subordinate  excursions  to  Petoskey,  Sault  St.  Marie 
and  Marquette. 

C.  S.  MiNOT. 
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F.  W.  PUTNAM,  PERMANENT  SECRETARY, 

Thk  American  Association  for 
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To  Assessments  previous  to  33d  Meeting 
"         for  "        " 

**  "  84th    " 

"    from  Associate  Members 

Admission  fees  previous  to  d3d  Meeting 

"  "    for    33d  Meeting 

Fellowship  fees    .... 


Publications  sold  and  binding 
Incidental  receipts 

Life  membership  commutations 
Balance  due  Permanent  Secretary 


8  798  CO 

3,312  00 

663  00 

396  00 

95,169  00 

20  00 

1,990  00 

66  00 

2,076  00 

134  76 

• 

2  63 

137  39 
250  00 

1,087  78 

$8,720  26 
I  have  examined  the  above  account  and  find 
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IN  ACCOUNT  WITH 

THE  AdVANCEMKNT  Of  SCIENCB. 

By  3000  copies  Proceedings,  Vol.  83,  Philadelphia  Meeting : — 


Composition  and  extra  corrections 

Illustrations 

Paper  and  press- work 

Binding  2930  copies  in  paper,  two  parts 

Binding  20  copies  in  hair-morocco, 

Binding  50  copies  in  cloth,   . 

Making  25  cloth  covers,  extra 

Extra  copies  addresses,  reports,  etc.,  . 

Wrapping  for  distribution    . 

General  expenses,  Philadelphia  Meeting 
1000  list  of  members,  constitution,  etc. 

Special  expenses.  Section  D,  Philadelphia 

Meeting 

Circulars,  Section  D,  Ann  Arbor  Meeting  . 


4( 


(t 


I, 


4( 


i( 


il 


Publications,  17.00;  binding,  15.25 

Printing  circulars,  blanks,  tickets,  etc. 

Express 

Telegraph,  telephone  and  cable    . 
Postage  and  stationery 
Post  Office  box  rent      .... 
Subscriptions  to  Postal  Guide 


Office  rent 

Fuel  .... 
Janitor  .... 
Incidental  office  expenses 


91,0G3  80 

73  04 

2,287  40 

703  20 

20  00 

25  00 

5  00 

103  95 

34  50 

649  16 
171  14 


88  85 

22  00 

3  75 


'Extra  clerk  hire 

Salary  of  Assistant  Secretary 
Salary  of  Permanent  Secretary    . 

Paid  Permanent  Secretary  bal.  due  on  last  acc't 


255  05 

78  16 

23  76 

163  52 

8  00 

1  50 

100  00 
12  00 
54  59 
36  33 

31  22 
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